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and pebble conglomerate. In general,'layering dips northeasterly from 25° to nearly vertical, 
70°-80° NE being most common. Rotation of large blocks on high-angle faults locally has 
caused marked divergence from these trends and has offset or truncated northwesterly 
striking low-angle shear zones. Intensive shearing and formation of (recrystallized) pseudo-
tachylyte is developed on two raajor high-angle fiault sets (N. 25° W. and N . -̂ O" E.) . 

Metamorphism in and near shear zones is characterized texturally by development of 
semischists^ plus phyllites, and mineralogically by crystallization of prehnite-pumpellyite 
facies assemblages., Metamorphic minerals, found both in sheared and weakly deformed 
rocks, include: 
Quartz + albite -f ripidolite + 2Mi mica (phengite) ± prelinite + sphene ± calcite; 
Pumpellyite or clinozoisite (rare). 

Widespread quartz-rich veins contain prehnite -|- ripidolite + calcite + muscovitc. 
Localized dynamothermal metamorphism superposed on regional burial metamorphism 
conditions (appro.ximately 300° C , P."" 3 kb, depth 10-12 km) is indicated by greater degree' 
of development of metamorphic assemblages in sheared zones. Metamorphic reaction kinetics 
probably were.controlled by energy-change related to. penetrative deformation. Time of 
metamorphism is speculative, but regional considerations suggest a pre-Upper Cretaceous age. • 

... Detrital minerals and lithic clasts indicate a sediment source area comprising greenschist 
facies metamorphic rocks, granitic plutonic rocks, silicic-mafic volcanic rocks, and chert. 
Pre-Devonian to Permian. rocks, of these lithologies crop out 75 km noirth of Vancouver 
Island, B.C., and farther east in the San Juan Islands, Washington. 

Late Qua te rnary Interact ion of the H u m b o l d t River a n d 

Lake Lahon tan near Winnemucca , Nevada 

HAWLEY, JOHN \9. ,Soil Conservation Se7vice,B'ox 129, University Park., N. -Mex. 88070 

Results of a study of late Quaternary valley fill near Winnemucca, Nevada, are utiliied in a 
reconstruction of a shifting environmental sequence in an area where Lake Lahontan and 
Humboldt River deposits,intertongue.. .^-.,.,..../-'. ... . '- .,•••..,,,:,„„,• 

Duririg the early part of the last major pluvial stage. Lake Lahontan expanded from a 
minimum (3800 feet) to a point (4200 feet) where initial floodingof the Winnemucca seg
ment of the. Humboldt Basin took place. Increased discharge of an ancestral Humboldt re
sulted iiiidally in valley widening and entrenchment. As the lake base level rose to its 4360-
foot maxirnum, a shift from valley-floor degradation to aggradadon, as well as a transition 
frorri fluvial to lacustrine sedimentation, took place in progressively higher parts of the seg
ment. Textural (CM) diagram plots based on mechanical analyses of samples from this se
quence indicate a shift from tractive-current to quietrwater deposidorial environments. 

Upon lake recession, cutting of the present river valley was initiated. Flood-plain sur
faces preserved as terraces above the valley floor represent temporary halts in degradation 
and appear to be related to periods of increased river discharge associated with sub-4200-foot 
pluvial-lake maxima. The lithologic character and morphology of the terrace deposits indi
cate that pluvial river discharge was at least ten tirries greater than the bankfuU discharge 
(1000 c£s) of the present meandering Humboldt channel. Ma.ximum entrenchment of the ' , 
valley is marked by a buried flood,plain that is discontinuously covered by a volcaiiic ash 
bed tentatively correlated with the Mazama eruption. , 

Studies of Microear thquakes Associated wi th a 

Center of Seismicity in t he Denver Area, Colorado 

HEALY, JOHN H., and WAYNE H; JACKSON, U. S. Geological Survey, Denver, Colo. 

.\ series of earthquakes ranging from negative magnitudes to magnitudes of four jplus Has 
occurred,in a locahzed region northeast of Denver, Colorado, between 1962 and the present. 
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1 NOTES ON SOME MINING DISTRICTS IN HUMBOLDT 
I ^ 1 " • COUNTY, NEVADA. 

By FKEDEBICK LESLIE RANSOME. g^ 
& - ' • 

I INTRODUCTION. 

'; In the apportionment of my field season in 1908, a period of six 
weeks was allotted to a reconnaissance examination of that part of ; 
Humboldt County, Nev., lying between the fortieth and forty-first 
parallels and the one hundred and seventeenth and one hundred and ^ 
nineteenth meridians. Within this area of about 7,000 square miles • ; 
(see fig. 1) are the Seven Troughs, Rosebud, Star, Unionville (Buena 
Vista), Humboldt, Fitting, Chafey (Dun Glen, Sierra), Kennedy, and | | 

.,| Adelaide (Gold Run) districts," with many others of less note. North 'f̂;-
\ ,f- of the region particularly investigated is the Red Butte district and , |'i' 

\ \ | south of it is Cojjpereid (White Cloud district). Both of these were , | | 
'..•i visited. ; Z 
.91 Some of the districts examined, such as Seven Troughs, Rosebud, • : |S' 
'Z^ and Red Butte, have been prospected only within the last two or three < j 5 ,̂, 

' ':^ years; others, hke Star City and Unionville, reached their acme of | ^ 
productiveness in the decade beginning with the year 1860 and hixÂ e . . ' ' : $ / 
.not yet participated in the recent general revival of mining activity in ' I 
Nevada; one or two, like Chafey, have received new names and are -̂  ! ,• |j 
being exploited in various ways that modern experience and inge-? '• 
nuity have devised for this purpose; still others, like Adelaide, have ; 
been intermittently active for over thirty j'-ears, oscillating between i 
prosperity and decay. ] 

All of the country traversed, with the exception of that ' adjacent to i 
Red Butte, was mapped geologically by the Fortieth Parallel Survej^ j | i : 
and that map,* on a scale of 4 miles to the inch, with a contour inter- ii | ; 
val of 300 feet, is still tite best one, although there have been many • i ij. 

o In general the names of districts as here used are those of the principal settlements. Some of the mining ' ; ' 3 
districts, as originally organized tor purposes of record and regulation, embrace large tracts of which the { ^{ 
names and boundaries have little significance except to local surveyors and olTicial recorders. . i [4y. 

6 U.S. Geol. Expl. 40th Par., atlas. Map V, 1876. (The topographic sheets are not contoured, but show the i 'Z: 
relief by shading.) [ fe'^ 
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8 MINING DISTBICXS IN HUMBOLDT COUNTY, NEV.'VD.-V. 

cJianges in place names in tiie thirfcy-fciiree3'ears tliat litivo olap.sc 
its publication. In genei-al, tlic "granites" of tin's region, <ies( 
as Arcliean in tiie Fortieth Parallel Survey reports, arc intriis 

INTRODUCTION. 9 

^ 3 

FiotntE 1.—Index map of Nevada, ehowlng the area covered In part by the reoonnalssanee of I90S. 

Mesozoic rocks; much of the material described as quaitzite in the 
Triassic is rhyolite, anfl tliorough study would change many of the 
names applied to the igneous rocks. During the last thirty yeais 
the mining districts of Humboldt County iiave reccivdd litfcle.attentioii 

';"^"^^rem geologists, and the present reconnaissance was undertaken in 
:cnt«v..j|gjjg heiief ĵ̂ at eyen a hasty review of the region, while not likely to 
"'"^jS^ckl results of much scientific importance, might serve as the basis 

ar a prehminary report that should be of some value to those inter-
r|',plsted in the mining development of north-central Nevada. 

It is a pleasure to acknowledge my indebtedness to the mining men 

f t the region for courtesies too numerous to mention, and especially 
3 Mr. John T. Reid, of Lovelock, and Mr. W. D. Adamson, of Winne-
lucca, who gave generously of their time and information. 

g a • ITINERARY. 

I l l From Lovelock, on the Southern Pacific Railroad (see PI.-I), a trip 
'--^,of five days' duration was made to the Seven Troughs district, .30 
,-^!s miles northwest of that town, and return. Two days were next spent 
^'jp in visiting Coppereid, in the Wliite Cloud district, Churchill County, 

'SZii '''̂ o'̂ it 25 miles southeast of Lovelock. A wagon and team were then 
'-2M 'I'rc'̂ l at Lovelock, and the Humboldt Range was crossed by way of 

"'*'-* ilie Humboldt Queen mine and Limerick and American canyons to 
Fitthig, or Spring Valley, as it is sometimes called. Thence I drove 

:;| north to Unionville, and from that place turned southeast across the 
East Range to Kennedy, on the west side of Pleasant Valley. From 
Kennedy the route was south, past Sou Springs to Boyer's ranch, on 
the northwest side of Dixie Valley, which was a convenient place from 

•f which to examine the nickel and cobalt mines of Cottonwood Canyon, 
I in the Stillwater Range. From Boyer's ranch the return to Lovelock 

was made over the Stillwater Range by way of Kitten Spring, across 
the valley of Carson Sink, and through Cole Canyon, east of Oreana, 
which separates the Humboldt Range into two distinct divisions, the 
northern one being sometmies referred to as the Star Peak Range 
and the southern one as the Plumboldt Lake Range." This trip 
occupied six days. 
'From Ryepatch, on the Southern Pacific Railroad, a visit was pakl 

to the Ryepatch mine and from Humboldt House to a cinnabar 
prospect in Eldorado Canyon, on the west side of Star Peak. Hum
boldt House also was the starting point for a trip lasting three days 
to the Red Butte and Rosebud districts. ' The Chafey district and the 
Sheba mine in Star Canyon were reached from Mill City, aiul a short 
excursion was made from Golconda, 12 miles east of Winnemucca, to 
the Adelaide mine. The Galena and other districts accessible from 
Battle Mountain were not visited, the reconnaissance having already 
taken more time than could well be spared from other duties. k 

a Louderback, G. D., Basin range structure of the Humboldt region: Bull. Geol. Soc. America, vol. 
15, 1904, p. 294. 
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10 MINING DISTBICTS IN HUMBOLDT COUNTY, NEV.ADA 

GENERAL HISTORY OF MINING DEVELOPMENT. 
Mining activity began in tliis part of Nevada about tlio .ve 

with the organization of the Humboldt district, on the iiorthwf-t -'< 
of Star Peak. At that time the Central Pacific Railroad Coinpic*' 
was not yet incorporated, supplies and machinery were Jiai<fcw 
tediously in wagons from Marysvilie or Sacramento, and tlin proj/vi 
of a transcontinental railway was little more than a dream. Ti* 
Star and Buena Vista districts were organized in 1861, and diirr.? 
the civil war and the recovery from that confijct these isolated ih-^'. 
communities attained their greatest prosperity. Mines v̂oro <i,v>iŵ  
along both flanks .of the Humboldt Range, and '̂"" 
Star City and Unionville soon grew to importanci 
the banJvs of Humboldt Kivpf — ' ' ' 
f l-l - -

GENEEAL HISTORY OF MINING DEVELOPMENT. 11 

Unionville soon g r i : - t T T ' T"^ '^'' ^^^"''"-•"' 

fro- the M o n C m f ^ ^ - - ' ^ - « ^ « - " - " ' ' ' ^^^''"^' ^ 
Special m t e d 3 t : Z d ' d ' "' ' ^ ' T r i ^ t r c S t r ' r ''"'̂ ^ ' ' ' ' ' ' ' ' ' ' 
from wIn-.M „ . "''"'̂ '̂ .^ t« this smeltP. .„ Vf*"'^' «^g^"'̂ '̂ ''' i" ^ i 
tests 

^̂ •hich lead 's smelter, as it 

:2^^yC3izdB3d^73i:::: 
"̂̂ °"' ff2:3^'-33722^:31dl'--

d3Z2dd^3z^^2 
Its history, however, was 
were at length operated 
abandoned about 1870. The 
been described b V p w ^? '^^^^^^rgicalD; ' 7 ' '"""' ^"'''''"'^•^ 

'22^yr>^ products of the furi 
'nace, silv, 

dd'i222:^ty^ti22 zLziZjy y^zz y3 ̂ yoz, „. „. the Sheba 

' "" to 1865. 

d ' } ^ ^ Raymond 

present only two 

ver bullion &nS 
anci.sco. 

« the discovery of a ncfe 

'V-s, express and i , ' ^ ^^61 i l i 2 1 ^^'Z'^'^''''^ <̂̂<i '<> .fe 
t-mated^ariK^'/fl^^f^Phoffi esuimatecl at about 1,000 

as nearly abandoned, altl 
found bel 
stoped. At 

ces. dailvrv^o-i '^'''^ ^""'^ "̂"̂  '«-*> 
UtQTt 

lOUg 17̂^ î '̂.u yi-zif/Znizz/y/ 
Af,r.r..„„„. , 'iicn the origmal bona 

5 hving in the can̂  

. . -t'onal ore h>ui Iw^ 
'^' ' «"g-al bonanza had C 

v/ijjy two men are living in the canyon, the nn'nes 
are idle, two or three rumed ston/^ ^oi,;-̂  - > 
t o w n n " ' ' -'̂  

meadows "" ' "^ ^™»* 
At Unionville the 

the Sdver.pion 

«"̂  ^p.*ie3 s^^rs iLf "•" "'"•"-
principal mine 

er 

nnutive hay 
' I 

'd 
eer aiTi ^^'^^^ ^ t ^ ^ S ^ " ' ' ^ f ^ ^ ^ ^^ eer, and Manitowoc min.. t , ' ' ' ^ " .̂ '̂«̂ « those of • ! ! l ^ ^ ^ - v ^ b e e i ^ ^ ^ines. The Arizona mine L,-

^ a " j ^ l 8 6 2 for .S5,000. C 

"---toftheRockTIi;;;;;;^ 
• ""«'"'>gton,]S72,p.208. 

ns, Washingioo, 1935. 
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* Mrward he built tho 5-stam]) Pioneer mill, the maclunoiy and 
cstcrials for which were hauled by ox teams from Marysvilie, Cal. 
Jl aerial tramway was later constructed from tho north workings of 
*ie Arizona mine to the mill in the canyon, several hundred feet 
^low. Other mills were subsequently built farther down the canyon, 

-Aid in 1870 there were three mills of 10 stamps each in operation. 
*iater power was used in the first mill, but it soon became necessary to 
japplement this with steam. Since the principal mines were opened 
*ft different parts of a nearly horizontal vein that outcropped in sm 
•̂ liiptical curve about a hill, litigation was inevitable, and after some 

^x)ntroversy the Arizona and Silver companies consolidated in 1870 
|t> the Arizona Association. The average cost of mining and milling 
u that time was about $24' a ton, having not long before been lowered 
ĥ\ the introduction of Chinese labor in the mills. Skilled miners were 

*Daid $4 a day or $3 a day with board. There was almost no gold 
m̂ the ores, wliich were treated by pan amalgamation, the tailings, 

i after standmg for a time, being re-treated by the same process. Tlie 
millmg ore averaged about $60 a ton, and some ore, sliipped crude 

3o San Francisco, ranged from $500 a ton upward. One lot of 170 
^tons shipped in 1871 is reported by Raymond" to have netted 

^5'"'78,000, and the total ore mined in that year by the Arizona Asso-
^ciition is given as 7,000 tons. In 1873 the output had declined to 
I 3 115 tons, of which 81 tons of about $330 grade was shipped to San 
/ Francisco. The mine continued to be worked until 1880, since when 

little has been done with it. It produced in all (mcluding the output 
'̂' of the Henning or Wheeler mine, which yielded less than 5 per cent 

•> of the whole) about $3,000,000 from approximately 80,000 tons of 
oro. In 1899 the property was brought by John Ross and Neal Car
michael, the present owners, who have not, however, resumed work-
on a commercial scale. 

From 1860,nearly to 1880 Unionville, although perhaps rivaled or 
"lurpassed for a short time by Star City, was on the whole the most 
important town in the Humboldt region, and was tiie local supply 
point for many smaller communities in neighboring mining districts. 

There was considerable activity during tliis period near Dun Glon 
. (now known as Chafey), in the Sierra district. The most productive 

mine in the seventies appears to have been the Tallulah, 2 miles nortli-
ŵ est of Dun Glen. Afterward the Auld Lang Syne mine became the 
leading one of the district. The Monroe and Auburn mines also wcrc 
active. . « 

On the west side of the Humboldt Range mining was in progres; 
at many places during the period when Union-ville flourished. Amonj 

o statistics of mines and mining, etc., Washington, 1873, p. 208. 
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12 MINING DISTRICTS IN HUMBOLDT COUNTY, NEVADA. 

the noted silver mines on that side of the range are the lliiiiiixiM?:̂ ! 
Queen and • the Ryepatcli. The latter, which is r 
produced over $1,000,000, was known before 1872 as the Butte inirai^ The princip 
I t has been idle for over twenty years. t l i v e 

LITEBATURE. 

The total output Of the district probably 

... . . . . . . . . . . . ._- .^ . . in progress m i y u o . ' i^ f^om ore of slupping grade^ 
•eported to b ^ s not exceed $120 000, " ^ ^ ^ . ^ ^ ^ yeais in the Humboldt region 
. i-h„ -n.,n„ „.-,r-,..-:d rui. nrincipal events or u i rr„^„Mia 

1908. 

1907 and the or tn« F"°" " ^ " i,„ ,i;<,trict in 19UV anu u^^ 

in thi 

were opened and were worked most extensively before the compfe-''Rosebud bubble, whic i 

. the vicinity of Dun Glen 
I t is to be noted that most of the mines in the Humboldt Rai^s^Hvival of mining m ui^ ^ | ^ ^ a in 1907, has merely ' " ^ ^ ^ ^ J ^ ^ ^ U 

The various g ., 
tion of the Central Pacific Railroad; The great improvenioni r s l o a l o n g list of sucu i — - - " , : ^ ^ ^ ^ , , depend are as a r u l e ^ m o u s ^ 

mining facilities brought about by railway communication was na^jfitvibutes on ^hicii^n T^tiergy, hope, cupidity, credulity, ^̂ ^ ^̂ ^ 

, - l o n « l i . t o . s „ c K i a i , u r _ . , ^ . J - ^ -

sufficient to oflset the diminution "in tenor'of the ore bodies, as tlwTl^lcnded or ^^o^*^'^*^'^! _:ij^e'to the local sentiment that app «Ĵ <̂ ^ 
were followed below their enriched portions, and the dechne in i ^ J O i c r qAalities ^ ^ ^ ^ ^ ^ ^ extravagant ^"^ " f " ^ / The fact that 

any 
e 
rs 

sted. Energy, hope, cu 

his claims, and thâ ^̂ ^̂ ^̂ ^ 

price of silver consequent upon the demonetization of that nu'tal. \ l»-booster," no " ^ ^ " ' ' ^ / ' " ' ^ i ' ^ the moment of disaster. re a ^̂ ^̂  
Although the mines of the Humboldt Range have yiehled far n io4 | ihc recognition °\^']'"'^^^^^^ not helped, by misrepresentam^ ^^^^ ̂ ^̂  

silver than gold, placer mining was at one time an important indu.strr:^|-i mining district is J ^^^ ^̂ ^̂ ^̂  ignored by those w o 
especially in American Qanyon, 12 miles south of Unionville. Oiw-^jf gotten by those wno 
ations began there about 1881 and were prosecuted actively until J^ LITERATURE. 
about 1895. The placers were first worked by Ajnericans, who are .p ,.• • ^ contributions to the geologic 
reported to have taken out gold to the value of about S],000,000.::;3 The following'are *'|^''.^"^^^^i^it region: 
The ground, however, soon passed into the possession of Chinese, who'paining literature on the Hum ^^^ -̂̂  ̂ ^̂ ^̂ ^̂  .^ g geol. Expl. 40th Par. 
formed a considerable settlement in American Canyon and mined . S ,0 ,̂3 S. F. 
the gravels with skill and assiduity by drifting from countless narrow',M w ° 2,1877,pp.636 
shafts ranging from 40 to 85 feet deep. How much gold ther ; | j GABD, W. M 

and 

'1=Z3:^523Z^-;7Z22^^ 
obtained is unknown, but some estimates, doubtless much exafrscr-"M acvibcsTriassic 10s ^^^^^ ^^^ ^̂ ^̂ ^̂ ^ Mountains î pi-̂ ^ .yi3_750); Montezuma 
ated, place the total at about $10,000,000. - : l m ^ 3 3 3 : d 3 . L 673-712); West Humboldt re|»-^jPP^^p^_ ^̂ ^̂ ^ p , , , , „ , 2 

In Cottonwood Canyon, on the east slope of the Stillwater Raru^. - 2 
near latitude 40°, are nickel and cobalt mines, which were opened -i^ 1877° 
about 1882, a car of nickel ore being shipped in that year to Camden, : 2 ^ EAGUB 

N. J. The Nickel mine, owmed by the Ajnerican Nickel Company, wa.? ' ''"'^' 
worked until about 1890. I t was again opened in 1904, but has been 
idle since 1907. A small smelter was built and a little matte, prob
ably not over 50 tons, was produced. Attempts were made also to 
extract nickel salts with sulphuric acid, with what success is not 
known. 

The Lovelock mine, a httle farther up the canyon, has probably 
shipped about .500 tons of nickel-cobalt ore, which was hauled to 
Lovelock by teams returning from the Bernice silver and antimony 
district in the Augusta Mountains. A diminutive furnace was 
erected but was not successful. 

The Kennedy district, also on the east side of the Stillwater Ranfrc 
and about 25 miles southeast of Unionville, first attracted attention 
in 1890. Kemiedysoon became a flourishing town; mills were built 
and considerable work was done in the Gold Note, Imperial, and other 
mines. After tiie exhaustion of the oxidized pay shoots tiie amal
gamating mills proved unfit for coping witli tho comple.'^ goid-silvor-
lead ores, and since 1904 the district has sunk into deca}'. No niining 

1877. (Desc 
[AGUE, ARNO 
40aiPar.,v 

HAOUK,J . -B^ ; . -—, ; : ,y ,1870 ,PP .296^ 

U. S. Geol. Expl. "(Descnbes tlie general S^^°"^ '̂l̂ ^ .̂̂ ^^ ,5 Uie mud lakes. 

.800 (Describes geolog 

37 7i^ »* -« ; "^ ' " is^s-"*'«-r^::: 
ARNOLD, and EMMONS, O. J. . *—„--

40ai Par., vol. 2,1877, pp. 775-800. (Describes geology.) 
- •..=.._:„ ,„o=tpm Nevada. TJ. S. Geol. Expl. 40tli .--

p.,, vol 3 Mming .uuu=... , - . • - - ,.„ „, ^ , , , „ ^ . and the mines of the Buena 

^ i r S : S e i : : S d B u n , a n O 

f-^ ' rr^:S^SrB^Sl=S 

; e smelting worl. at o r e - ^ 

Triassic cep 
-^••- • ^.s, and SMITH, J - - ^ ' ^ % 5 T ^ 1 - 2 3 : 2 C > 1 " ^ ' - XXH-XXV. 

Prof. Paper U._S;,Geol._Survey^ ^ ^ ^ ^ ^^^^^^^^^ ^̂ ^̂  H , , , . _ „ _^^^. ^̂ ^̂ ^ ^̂ ^̂ ^̂ _ 

d Battle Mountain districts.) 

~ - - —phalopod genera of America, 

rroi. x.n— ~ •23> 20, Plates XXII-'^'XV. 
(Describes tho Middle and Upper Triassic t-j.v,„u., ji ....̂  Humboldt Range.) 

KING, CLARENCE. Systematic geology, with atlas. U. S. Geol. Expl. 40th Par., 
ington, 1878.- (A discussion of the structure and geologic history of the whole region 
adjacent to the fortieth parallel irom the Rocky Mountains to the Sierra Nevada.) 

LOUDERBACK, GEORGE DAVIS. Basin Range structure of the Humboldt, region. Bull, 
""""•"'• ' A fnll and valuable discns.sion of 

^'s:^-^»?- ; sc , i»« . . .— 
Tri-assic.) Triassic Ichthyosauria. >Iemoir8 

^^7y2i22355232:2Z2y>'^''-' 
from the Humboldt Range and gives 1 
Middle Triassic fauna.) 
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14 MINING DISTR(CT.S IN HUMBOLDT COUNTY, .VKVAI).\. 

' ^ l ^ i SEVEN TBOUGHS BIBTBICT. ' ^ 

•'2%, \ V passengers maj 

R W . Mineral resources of the States and Torritoriw^aa4«fc|5upplies are hau e -̂  ^^iently from ^̂ ® f.'*'"^^.„^„contmental 
. Washington, 1869, pp. 117-133. (Notes on ihc hi.^ion-^S^msch the district most " ^ v ^ - j e s , which meet the t ia i _^^^^ .̂̂ ^ 
i Battle Mountain, Black Rock, Buena Vista, Central. raarffl^jl.j-,,^,j^,,y s t a g e l i n e o r b y a u w i i ^ ^ ^ ^ ^ ^ ^ ^^ ^^^^^ t)^ u u i o 

Orofmo, Sacramento, Sierra, SUir, Trinity, and WsB^"# . „ i . ^ ^ o v e r a l i t t l e b e t t e 
•.•.iims and piy o^ . , Vernon, 
•« .^ - i -~ . i^ctrict three ot whicn, > ^ 

RAY.MOND, ROSSITER 

Rocky Mountains, 
velopment ot the 
Gold Ran , Humboldt 

• mucca disliricta.) 
Statistics of mines and mining in the States and Territories wc.?i of tb* E,i^^< 

Mountains, Washington, 1870-1874. (Contains much information coiic«Tii2Sia«^;| 
development and working of the mines during the period covered.) .. S f | 

RUSSELL, ISRAEL C . Geological history of Lake Lahontan. Mon. U. S. 0«4,S%-: 

'^^^'r22222y22'0/^-^.y33/. 
izuma, and l^aireii, 

the dis 

situs 

(A good' brief sketch of the history i 
during the summer of 1908.) 

SEVEN TROUGHS DISTRICT. 

was the <^^«^^^^f ̂ y^^^^^^^ 

vey, vol. n , 1885. (Describes the great Quaternarv lake t l m occnpi«l t h e ' r s O i f r i ' ' ' ^ ? . ! . - e a r l y m 1 9 0 8 , b u t h a O ^^^^^ a b o u t M a Z u m a , h 
of the Humboldt region.) , ) 0 ^ w s ^ ^ ^ m o s t of t h e a c t i v i t y ^ ^ 3 5 t S e v e n T r o u g h s , w l u c n 

SPURR, J. E. Origin and structure of the"basin ranges. Bull. Geol. Soc'.t=Msaa|5|^ t h a t y e a r , ^^^^ ^^ V e m o n , a n d a b o u ^ ^ ^ ^ ^ ^ c a n y o n . 
vol; 12,1901, pp. 217-270. (Discusses incidentally the structure of some of ih<'ra«!*^Mlcs n o r t h - n o i t ,i .^^est, of M a z u m a , h i g h e r ^ p e n a s i m p o r t a n t 
visited in the course of the present reconnaissance. Mr. Spurr's own ficid • m ^ 3 % . j ^ m i l e s w e s t - n o r t f M a Z u m a , h a s a t n o t i m e DC 
however, •was south of the fortieth parallel.) ' '•''"%,1l rcll 3 o r 4 m i l e s n o r t a O ^̂ ^̂ ^ 

[WisKER, A. L.] Chafey, Nev. Min. and Sci. Press, Nov. 7, lOns. pp. 62.v<a:,:-v^' „ ' ^ t h e r s e t t l e m e n t s . M a z u m a a n d S e v e n ^ " ^ 3 3 
(A good-brief sketch of the history of the district and ot mining coiuUtions the«i». f " Z . . -.^ w h i c h a r e t h e t o w n s ^^ o r d e r a r e \> n " 

Ihe r'^vine u , ^ Canyon. Mor^n o g^ibouchmg at 

<375d322d22^'^i^dzzZ 
\ ;.|Farrell. 

INTRODUCTION. 

' • 3 
Burnt and 

Victor Canyon is a « - - " " ; , " - i^, ; ; ; i n e s contain ^vater 
All three of ttie maiu _ i_ ;„„ mued to 

The Seven Troughs district, which is about 30 miles northwest G:''.;|tlic yes-
Lovelock, a flourishing town on the main line of the Southern Pacific '̂̂ ^ Mazuma. .mine 
Railroad, lies on the east slope of a minor range designated on ths "/ It is difficult to ^ ^̂  

.%„„eho„se « n . o n . - ^ - j ; ! Burnt C o ^ y o n - W . Vpe' 
ar round, p a n this district. 

when prospecting began m tma >.iic,v.—,, 
- - — ̂ ^ fr, 1Q05, and it was not 

-^ 
to 1905, 

Fortieth Parallel Survey m a p " as the Pah-tson Mountains, but no^- J but there is ^̂ ^̂  ® ,̂ ^^^ the veins began to "'^^^ .̂ "̂ '̂ î '̂̂  year, and 
popularly kno\vn as the Seven Troughs Mountains.'' The hishcr ^,until early "r ryvj. """"^" -gy^g mine -was openeu "- "pj^^^;view and 

t 3 2 Z ^ ^27y32.3^32.^^^-'-^-^^ parts of the mountains are dotted with junipers anti the larger raviner-
contain small perennial streams. Grass flourishes on some sloj)e-> an>-i 
for over thirty years the region has been used as a range for .«lKfp 
and cattle. The watering places maintained in connection witli t h t 
pastoral occupancy have given to the new mining district its nanit-. 

The road from Lovelock runs for a few miles through the irrigate! 
farming land of Humboldt Valley and then crosses obliquely in a 
northerly direction a broad and relatively low part of the Trinity 
llange consisting of granitic and slaty rocks partly buried under 
rhyolitic and basaltic flows. From the northwest base of this range 
the road stretches straight across the bare and nearly level expan.=o 
of the northettst arm of Sage Valley for 9 or 10 miles, to the foot of 
the Seven Troughs Mountains. A more unsatisfactory road material 
than the mixture of stones and ashy soil tha t floors this arid basin 
can hardly be imagined, and the many abandoned deep-rutted tracks 
show that at times no road at all is preferable to one in which tiic 
depth of the dust-filled chuck holes is a subject for anxious specula
tion. 

n U. S. Geol. K.\pl. 4(ll,ti I'ar.. aUiis, Map V, west Imlf. 
.!> Occnslonally rclerreil lo also ns the Stonchousc Range. 

is Utae re;ord o. ^ I ^ l l t / Z i Z Z Z . ^ « ' « " 2 
1 1907 tl 
The Maz 

, , , eess , with the subsequent^ 

•- Kindergarten mines and m 

famihar name m 
the mining press. 

GENERAL GEOLOGY. 

TOPOGKAPHY. 
I .crth of 24 miles and trend 

•--y^:3'22:^^7i72..^S22323' 
east of noith.^ ^^^J ,^ ^^ ^^^^^ ^ ^ ^ ^ , t s , ^vhlch_at̂ ^^^^ ^̂ ^̂  ^̂ ^̂  tha t surround the ange 

\ 2:^i332i2^^3^Z£Z2Z3233. 
7 
h 

on all sides but the north. The highest and iniuuio .=....._^ 
Peak. The one southwest of it, of schist, is designated Pahkcah 
Peak on the Fortieth Parallel Survey map. A low, broad pass, 
occupied according to tliis map by Miocene lake beds belonging to 
the Truckee formation, separates the north end of the Seven Troughs 
Hange from the longer Trinity Range and from the Ivamma Moun
tains, a small group -within which is the Rosebud mining district 

1 the Ralihit Hole sulphur mine. 
anu 
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The Fortieth Parallel T ^ " ' " " ° " " ° ^ - ' I t u e and Emmons, who evidently did not traverse this ravdne aiuL 
Mountams as ons S ^ " ' ' ' ""^' f^"''"''^ "'^ S - - " T r o t ^ l C r a l l y enough, mapped only the rhyxihtic rocks -s;ble on U^ 
exposed on the W ^ l i ^ V " ' ' ' , ' ^ ^'•^'^°'^" '^'^'^ ->'i ' - ^ S * c s . At the:^ld stone cabin from which he canyon gets its na^e^ 
but covered i n l e S ^ , ! r " ^ f "̂ ^̂  «^^- -"cJi of tiie wes , } ^ m i l e or two west of FarreU, the slate is well exposed and dips about 
'•I'yolite and s t S m ^ f""'""' P'"*^^ "^ *'̂ « '-"«« ''v T e n i ^ * E., bedding and cleavage being paraM. Farther up he canyon 

Jurassic rocks, a b o u t ^ ' ^ J T ' ^ ^ " ^ ^ ^ " ^ "^ b'-"^^- ^̂ ^ ' ' - < ^ * « '̂̂ P ^ - - ^ ^ " ' ^ *̂^̂^ ̂ ^̂ ^̂  ^̂  ^" ' ̂ ^ ^ ' ^ ^ '^ ' . ^ T " " I n t ^ l 
the east slopj, Z T n o d ^ d ' J 3 - ' ' ™"'̂  "^^'^' '« " ' - sl ,o.n^:%csumably rhyolite. Near the head of the ntvinethe slate is inri^^ed 
Seven Trough m ^ i ^ J L l ^ ' l d ""'''' '^'^ <̂<=̂ *̂'ral part nf t i A d metamorphosed by the "younger gram e," described by Hague 
these rocks comm ^ ^ f b h r r . ̂ ' ^ " ' "^^' Emmons « state iWfefnd Emmons. This metamorphosed material was mapped a^Archean 
of general p ^ . S Z . ^ d d ^ ' T d " ' ' ' ' ' ' ' ' ''^'^^3 on gmu J g l v these observers, and since the main mass o^ - P I - - ^ ^ " ^ 
graphical d i d e d d h d ^ \ d ' ^ ' ^ ' ' ' ' ' ^ ' ^ ' ^ ' ^ o r d i s t h d . i n Z A ^ ^ of Pahkeah Peak consists, according to their description, ĉ  

The A r c h e a n ^ . s Z J ^ ' V ^ T ^ ^ ' " '̂̂ ^ J"'--«"« fi>.-ninrioB.^ib.dded slaty schists, there is a suggestionthat these also may e 
grained n i i c a c e o T S ^ l ! ^ ? ^ 1 , \ ' ' ' ' «'"»« -^iters^ as verv foe^f mctamorphied post-Archean sediments^ There wasno o p p o i ^ ^ > 
-gies . Tliese a ^ ^ t b o o I ' f ^, ^'^^'" ' ""'"'̂  ^^^^''"^ a t - h l # l i n 1908 i i investigate this problem; in fact, -«*; Jj^^^g ^^^^'^f^ 
Emmons point o d t a n d J " ' ' ^™"'*'^' "'^'^''' ^ I^^'^- «^3P«ra l le l Sm-vey map at hand, I was unaware, while in the field, that 
known Archean granites of H i r ^ ' ^ T ' ''"'"^ '''^'•'^'^"t fn,m i f a^^ . , . c. i . P,nvnn is a 
rocks of the g r e a u X Sv^ n̂  ^^' ' ' ' ' "̂ "̂  '^''''^y resenibiin. tte 3 The intrusive granitic rock at the head of Skmeliou e Ca^on s a 
of the S i e r r d N t d T d Z T o T - " ' '"PP^^^^''^ ^^ Post-Jurassi^a..,,^ fresh, medium-granular, rather • dark gray rock, which e . .denUy^ 
- - t e rnpa r to f t S ^ X l ^ ^ " ' ' ' " P^*^'"^-"^ ranges of a.̂  g not ;ery quartzose and contains a d ' ^ ^ ' ' ' ' ' ' ' ' ' ' T u l t : : o ^ Z s 
of an older granite m ^ l b i ^ ^ ' , "^"'^'^ '•^"' ^«"^« ̂ niall^xposnr^ J Only one specimen was collected and the mass undoubtedly contams 

The volcanic r o c C a r e t t f T ' 3 ' ' " ' ' ' ' ' ^̂ P̂*̂  «f tlid ran. , f oth^ varieties than the one here described. The microscope s h o ^ 
and some of the Z u t d Z ^ l f ' ' '^' ' ' ' '^"'^ ^3 ̂ he same explorer.,' -M the rock to be a granodiorite, of which the constt^enl^ are a pkgn> 
Little i n f o r m a t i r t d Z ' ^ ' " ' ' ' ''"^'^^^ '^'^ ^g^^ed by Zirkoi> M dasenear andesine, orthoclase,.microcline, ^"^^^f/^^^^^^^^^"^ 
of the lavas, and" lie f d Z t Z d ' . ' ^ ^"°^^^^'«" ^"^ structure # apatite, and magnetite. The plagioclase is a little more abundant 
of the district now bein<r ^ 1 . , 3 3 ' ' ' ' ^ ^ ^ 3 described are all outride ' -3 than the alkalic fedspars. -, , K , Pmf 

Apparently no L n S ; ? v E ^ : ' - - - ' 4 The rock from the summit of Granite Peak was analyzed by Prof. 
when Hague and Emmons visited tlJT ' " ̂ '"""^"''̂ ^ " ' ^̂ '̂ "̂̂  mounlains ^ Thomas M. Drown as follows: 

. • • - M Chemical anab/sii of granodiorite from GTariilereak..^ 
^ ^ - T E R T I A R Y ROCKS. j , 64 .02 

TJie known ore deoosifs nf fi,^ c .,, f ^'^^ ' - " 17.60 
Tertiar.^ volcanic r S r L ^ ^ f " ' " ^ ™ " g ^ ' « ^ - " g « - e all in the f t} 'd ' • : : : ; : : : : : : : : : ' : : 4.03 
fô h- days spent in ^ d d ^ d ^ d d ^ l V T " ' " ' ' ' ""^ '̂ ' ' ''"^ I Z.111113-3.ill-2 ^-^ 
tions. I^orth of Mazuma S e l o ^ a i S V ' " ' * " ' ^ ' " ' ' " "̂ ^̂ ^̂  I ^ ^ " ' • - • ' 
Btirnt^canyonasanortwS:^^^,t;;^^--f-^pp-r I Na/) ' :::::::::::::;:: iS 
about half a mile wide Thi. h d l indurated clay slate 4 K,0 - •--••• 80 to a low ndge, widhdZ^lvu 1 ' ^ ' ' ' ' ' " -rrespond at th4 place I i ^ ^ ^ ' " " ° " ::::::::::::::...- .IG 
Ws,hasbe\;unc:t ;fdIgarS'^:^^^^^^^^^^^ -^ "^^ - W 
east and forms the rounded fn?) n Phe slate extends north- % . , ^ ., 
found to be exposed w e s t C d alon" s . ^"1 """"d"^ '̂'̂ '̂•«"- ^' ̂ '^ I This specimen is said by Hague and Emmons to be typical of he 
head, and the belt is thus two ̂  t w ' t i : " " ^ T ^ " ^ ' ' " ' ' ' ' ' ' *« '̂ ^ V - - ^ . - ' ^ ' ^ - ^ ^^^^^^'"^ ^' ̂ '̂  ^^"^'^"t^ ' w ' ^ " granodiorite erf the 

2 ^ r ~ , — - ' 3 3 3 3 ^ Z ^ n e s a s wide as is shown bv | sierra Nevada has beenfully borne out by later work in that l a i ^ . 
u . o . uool. lixpl. 40th Par., vol. 2, 1.S77 n 7«o ' — 1 1 , — ^ - — ~ ~ 

' o p ' c t " ' ' • " - - • • 4 . ' T ^ r T c e o l . E.xp!. 40UrPar., vol. 2, 1877, p . 779. 

-U^ao;i:f^e:^..l...,v„,.«,.™,,,,,.,,,_,,^^,^, j \ i:U48-Bun. 414-09—2 
' »• t iJ, -, IX, J and -.{-, uiul XII, 2, ^ 
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X h . . ' " " • ' " ' ^ ^ VOLCANIC HOCKS : , ] 

VaJJev !°^''" g rock of the low, rounde i) "i; ' ^ f̂ ŝsns are as yet very imperfectly known and probably can be as-
d a n d , ,̂ "™'"i ^»d for a m,7e or mol ' t " ''"••^'-^'•^'^'^X^*r-^'''<''{ only by careful mapping and detailed microscopic work. 
h m d d ""^^'^^i-^rown Java, much of w ) ' 7 ' . " ' " ' ^ ' ^ ' ' ^ ' ^2 ,- L'«>idcst locks appear to be glassy tufî s, in part rhyofitic and in 
3 , ^ / 2 '™d a vhrt.. f • '"c" ^'' ^ I basaltic, and arkosic grits. Interbedded with these is at least 

>o\\ of glassy amygdaloidal basalt. These are cut by dikes of 
t basalt and of. a fight-colored rock wliich is apparently the 

lent of the mica andesite flows already described. One dike of 
?otk extends from Seven Troughs northward nearly to the saddle 

i -'ng into Wildho'rse Canyon and forms a h'ttle ridge east of the 
awpnl mines north of to^vn. In places it is from 200 to 300 yards 

\ » ^ear Seven Troughs it contains masses of obsidian or glass, 
*":ih suggest that this part of the dike must have cooled very near 
vri surface Farther north it has a rude columnar structure, the col-

---̂ a:!:. hing horizontally across the. dike. I t must be said that the 
^ .fiJiiitation of the mass as a dike rests almost wholly upon its gen-
' "ti form and position. The possibifity of its being a do^vn-faulted 
Zp from the mica andesite flows has not been eUminated. 

- ' 3h« tufls and arkosic sediments are very poorly exposed, and a 
'.f^mine workings, as yet shallow, are the only places w ĥere any-
t.is» can be learned of their attitude and structure. In some of 

-'j'Si? the beds are nearly horizontal; in others they are tilted up to 
"\S'. ^hc dip in the few openings where it could be observed accord-
/ ? gcnciall} with the anticlinal structure of the district. In the 
' ,iS^ f hanges from tuff to basalt or rhyolite are common and often 

If, ,,, leplexing This is due partly' to the fact that the basalt occurs 
s and as irrAo-nlni- ir.f.-i.".' - '-. 

very ^ u ' " ' ' ' f'^wr.^.-n -, v̂ 
g«s^ZSrmi7f''• '̂̂ '̂ î̂ i-ddiij'y '̂'•'̂ ""̂ ' 

"̂ic.-̂  m c e s d 3 ''''*''"^«''i' analysis n ? . '"^'"'•'h'-clr,,-..-T^. 

d^ddS^i-^''^-^^z^'S&3 
d32-^d3S2:/2::z5yF''''-' 

'-^msf^^ «even Trn,„>i * " "̂ otJi sides nf i-) ' '-'"̂  '̂ '̂ -'i JS -Ŝ ^ -u i i roughs. Herpf! °̂  ^"« road from M ' *-* F^^rr 
formed by Uvo sJiortT/ .'''"^^°'^ ^>^P 'ddd ' T ' " ' ' *^^'-«--^ 
^"am easfc-,v̂ eŝ  ^^"'^^ ravines f) 1/ ' " •"' '"'^'' ^a-s-.*, , 
^nrhu„ / / "̂̂ ^̂ t gorge. T),. . . 7 ^ ^ *''at open nor,), ,_ .- ' ^ ' ""^ saddle, thi-ouffh w Z i """ -"̂ orcnern nmi i ""'•-'•c-^-^^'i 
';--se Canyon^' T t ' / T ^ '̂̂ ^ *-^^ ^ ^ i ."^^" T ' ' ^ - - ^ 
" ^'^; southern ravine, i d H d ' i ' " Trr..,^i. , ..,. 

ravines f ) « / . ' • ' " 2-2zZ:zr'""-'-̂ -̂ -' 
U«W.^ 

-.r.U- . ' "'J t/ic anfl<v ;̂»» .-Zz%23y2Zz:dd32''^'^ 
33- ^2Z;Z9303ti32".-'.^O'.^-

•32.yZ;r3.3"-' '^i^i 
^7"y- Muci,7f7t, 

72S2'Z:2" """'33::Z2Z''"" --— » 
^ ' - ' U e r t l t ' ' '"P^"^^- the o'to T ' ^ P - ' ^ ^ ^ ^ r ^ d ^ ' ^ ^ f ^^ ^ ' "V^roscope s 

*<'"'eistones, and po«^, "?;'' ' 'te, | , , , , j , _ ^„-, '^.-^^f ^ % " r n̂ general it nr 
. ^ "̂ •̂ ">'y of.her rocks .,f ^ c h ' ^ ' " ^ ^ ' ' ' * ^ ' "J ^̂ ^̂  is ,d«cure an< 

_, j(̂ ,v. i/jij vu i;ue lact tnat the basalt occurs 
.73i IS flows and as irregular intrusions, partly to the local and 

i. î iJiabic chai.icter of the different formations, and partly to fatdting. 
.̂  "' .Issoci.ited with the basalt and tufl'aceous deposits are masses of a 
; ^ '̂-4?^J-}ello\\ish rhyolite, wlfich in the field, prior to petrographic 

' -Sai\ \\ as not readily distinguished from the younger mica andesite, 
I- "<̂ n riiought to be also a rhyolite. I t was supposed at the time of 
i ~.t3t th.it the yeIlo\vish rhyolite might be a lower, slightly altered 
ĵ p̂ iri of the scries of flows now known to. be andesitic. It proves, 

c^^<i\CT, to be a distinct and older rock. T\liether it is extrusive 
iiii rests generally on the tuffs or is inti-usive into them is not j'et 

•̂i srown It IS exposed in the bottom of Seven Troughs Canyon, just 
WfSi of the town, where it is apparently separated from the mica 
•*"d£Sitc bj ,1 basalt flow.f The rock is compact and contains numer-
tas small phenocrysts of quartz, orthoclase (sanidine), and biotite. 

5t "^'^ niicrosco])6 shows also a few phenociysts of plagioclase. The 
' « "i^otmdmass is partly devitrified microlitic glass. 

must be said that in detail the structure of the dis-
and complex; it will require much more than a recon-
ination for it.« a,,i.taf.,.̂ *-̂ "" •"* .-

f 

3 
-J. 

„.,..,i„^.^, ,u Will re(}uire much more t 
iiatssance examination for its satisfactoiy interpretation. 
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* • ."Sitt-een the workings mentioned and the head of the ravine north 

SEVEN TROUGHS DISTRICT. 21 
^- ""« range m the vicinity of >U j 

visible along the "res t of^the^ ^^*^rps, presmna bly ^of' 'dd d S ^ S ^ ^ ^ Troughs are the Eclipse shaft. Providence tunnel, and vaii.-t-his 
smaller unproductive openings made by lessees and prospectoi-s. 
the north side of Seven Troughs Canyon, about a quarter of a 

mines. "̂ ^ ^ ^ 7 younger than any of the^'roX^xposed n c i ^ ^ S ' ' ^^ '̂̂ ^^ *'^° ^°^^^' ^̂  *̂ ®̂ "̂""̂ "̂ ^ ''^ * '̂̂  ^^^^^ Troughs Tomlwy 
JJ "Tn^"'"? Compan;^. This is a crosscut running N. 50° E. At the 

TION AND DEVELOPMENT OP ':!^"^ of visit it was 800 feet long, and the intention of the company' 
The most important m.^, -! ^ ''^'I-^'E.S. ..x \̂i|3s to c a n y it 400 feet farther. The tunnel first penetrates'about 

southeast of the town ^ ^ " P "^ """ ' '^ '^ «-t Seven Tm l "^^f* f'̂ t̂ of-rhyofite and then goes through a seam of gouge into soft 
u.,. , 1 . . . . . y ^ ' ".vtiich lies on the south K I 3 2 ^ - ^BS-'i^^;--,! i..i:v_„„„„ T,„,I„ ...UU „ ,..,„„„.,i i„,„ ,1;., .-.. i-i.„ „„..M.„.,„^ 

a. are the K i n r l . """̂ ^ ''^ *'"̂  «^ 
same vein Thp T ^ - , " " ^ ^ ' ' ^ ^ " and Wihuia mi,*«-Ml - - ^ 

i n e Jxmdergarten mine ow / J i ^ ' " "^ masses of basalt. About 350 feet from the portal the tunnel 

running down to Ma: 
both on the 
Seven Tri 

zuma, 

•oughs Kindergarten 

'f^fj-ritized tuffaceous beds with a general low dip to the northeast, 
ese are cut by many faults, probably of small throw, and contain 

tunnel and by an inclin,.H 1 v. *̂ ^ompan-

vertical shaftf being s t l , t f f ' " ' ' '^^P 
expected to cut the " " 
IS a 1 

^'hnmg Cojiipaiiy is 'devpl du -tw^^ through another seam of gouge into rhyoHtic (or possibly andes 

« - t i m e ^ ^ . " l ^ ' - ' ' ' P - A,«^*^ 
iic) breccia cut by dikes of glass or obsidian. Lower down the 

';-ripanyon, near Mazuma, considerable tunneling has been done on the 
«3a(]ger group of claims. These M'orkings were not examined. a lease on the ground of ih., o """" ' ' '̂ '̂ ^ feet. Tlio Wih„i:W""^^^-^'^^^' " '̂ - "*""" ""&" " " " — — • 

(-oniDanv n^.i .•„ _ .-""i ^̂ ^̂  oeven Trmi^h^ n,,.. . ^ \ i . , y - M In Wildhorse Canyon prospecting was in progress in 1908 on the 

« vein at a depth of 3h ' T o ' " ^"«"«t, lOOS. ^ ^ 

^ P - y ^ and i s C ^ t ' " ' ^ ? " ^ ' o l T r i i L (Sid v ' ? ^ « '̂̂  ^ ^ 1 < ^ ^ -
'^^«"t 212 feet. d T l 2 j " ' ' 'd^'""''^ «'^^t to / ^ i S i ^ ? W i l ^ l Bull, No. 
3<^toZ Other Jeasei^ cm T ' ^ ' " • ' ' " '^"^ Wihuja ^ d ^ ! ! 1^ '^ ' ' ^ S t t l e ore, but i 
ductivc in I9ds were th TJ ' ° " ground, in opei-ation J 5 ' '^'•^"'3 North of this canyon the only active prospecting appeared to be 
and tlie Sandifer len.^o ^̂ ^̂  ™^̂  J-^ss (175 h e t c u d y . d V l ' ^ l h n the Snow Squall -claim in Victor Canyon, south of Farrell. I t 

On l-l ,. .^'^^es. oecpA tne rvkr/3L.. . ...;..i .n_i i i_,] t ,1 ,1 :„ „;„u,- iK»;_ „i,„f* 

North Pole, and other claims. The Wild Bull showed a 
no shi])ments had been made. 

On the north side of the 
Hills and Rei canj'-on, close to town, 

r:,.r?^.' '»«• .•-•»<i« .̂ are the Mazuraa'? 

•^^^*i?3^'as reported that lessees had found good ore in sinking their shaft, 
if,!but the workings were not visited. 

JS owTied and operated 1 3 1 P''o«uctive. The Mazum" TT-'/l""'"^'^'"i' ^^'°^^ ^^^ ^̂ ^̂ *̂̂ ° ̂ ^̂ ^̂ ^̂  ^^ ^'^^^^ Troughs a long ravine nms south 
Reagan is a lease on v • , ^^^ .̂̂ uma IliJls Minint^ 3 ^ """^^Ifand then turns southeast, embouching at Vernon. In the upper 
^vithin the ground of tl T " ^ ' "^ ^ ^ * °^ *'̂ e Mazumt I f if''""'•*' , 'xfpart of this ravine is the Dixie Queen shaft 230 feet deep and the 

The i^Iazuma Hills mincT*^'"^^""^' ' " " " ' S^ '^^Shom Consolidated and Signal tunnels from 200 to 300 feet in 
Winzes from this adit conn 5^^'i^3^^ ^^ ^ rnajn adit /Of) fn,.. i . | | 'ength. Some lessees also were operating in 1908 on property of the 
500 fcet Jong. There ^ ^^^^ a level 100 feet below I h ^ ' ' d ^'^nal Peak Mining Coinpaoiy, high up on the ridge south of Seven 

above the main level Th R^" ^̂ ^̂ -̂̂ ^ (hsused adit abour ioo r *^^- ' ' ' ' '*^"^^^^'^"*^°^^ ^^^^^^ 
eacan i.<; «-^,.i,„.i ., . ' ^-^ •'& lialfway down the canyon and about 2 miles south of Seven Troughs 

is the Faiiwiew mine, reported at the time of visit to bo 650 feet tleep. 
This mine is known to have had some bunches of very rich ore in the 

i:2^3i20Z33^i Z ; 2 ^ B B 
T "̂"̂ "̂  ^'^""S temporariir 

• o " " ^ " 

_ ^ î i visit. Only the 65-foot level, liow-. 
then be examined, the bottom i e" ' 

under water, pending the installation of pumps. 
South of the Mazmna IliJls and Reagan mines is the Sandifer lca.?<s 

on Therien ground. Here, in the. bottom of tJie 
being sunk in expectation of find-" 

. and Reagan veins. 

iS^orth of tlie Reagan shaft, on th .....̂ o... 

?urne and Bradley Jeases, whose shafts arc i'e.spcctively 135 and 16-5 
foot-deep. Neither Jiad been productive up to Augu.st, 1908. On 
the hillside a short distance above and north of the Mazimia Iliib 
tunneJs is the shaft of the Hjiycs-Mazuma lease. This w;is being 
sunk tJirougli rhyolite at the time of -visit and was not in 

upper levels and is said to have shipped about $65,000. No stopuig 
was in progress at the time of visit and the shaft was being carried 

- unK in expectation nf r. "V" """""'n ot the canvon •, . . u y ' - ' >*;• ' ' o^n through hard basalt. The mine is owned by practically the 
Mazuma HilJs and Rea<ran '^^ ^^^ ^^ tJie southern n',',L / ' L ' ^ '^'^ '^'^^^ P^^P^^ that control the Kindergarten and Therien properties 

parts of the. a 

^one, arc the Chad-

ore. 

at Seven Troughs. In contrast to the atti tude of other mine ownere 
in the district they showed disinclination to impart information and 
refused access to the Fairvie-w mine. 

Adjoining the Fairview workings on the north is the Harris lease, 
on Fairview ground, with & shaft 185 feet deep. The dump is basalt, 
much of it being vesicular. 

There were two niills in operation in the latter part of 1908, one 
belonging to the Kindergarten .company and situated at Seven 
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&£^Sd^^3y€d5^d^^d^2S^ 
^iZ'y^ ̂ Z^̂ î ^̂ ZZfdZ îZ'-'̂ '̂  i i;rr'" ''^2S12z2X2t'd^'3^-i 

.s/Jvor T , ^̂  S«-e« T d Z ' ' ' ' ' ' ^ - Z ' d ' ' ' «^e L > ^ ^ ^ ^ ^̂  snul " I ^ 1 ' ^ " * ^ ^ '^--^t^«- which o w t " to ^L" ^^^^^-'^*^^^^ -olcamcgTass' 

'^^««J'200^-^'^'^' « ^ / t t C ; ? ^""'«r io ' f '" «^^^eariy?",^^^'^ J?ea,C J rockT ' 3 "microscopic and 1 ^ 2 * ^ 7 ^ ' ' ' ' ' ' ^ - '̂̂ ^^ '̂ « 
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of the Reagan.lease consists of this altered basaltic gla.ss, in which tltf^^J 
irregular cracks have been filled with quartz carrying free gold. Tiu;' 
secondary minerals identified in the gJa.ss itseJf are ' 
cite, and apparently a little chlorite. n<ii-:^-- js not abundant. vhsM/j^i 

EOSEBUD DISTBICT. 

OUTLOOK FOR THE DISTRICT. 

25 

, ,, . - -,, - "•'•'le ctuorifp n ) •. PJTite, fiuartz c d i 3 ^^^ enough mmmg or geologic work has been done to enable 
f rather surprismg in view of t h p ^ , ' '*^ ^' "«* abundar- - ^ 3 2 5 ^ - — ^ - - ' - - ' ^ - ^^- ' " " " ' ^ ' - ^ ^ - - ^ -

1 ght^s of tJie kind de's " 7 ^ ' ' ' " ' ' "̂ ^ '̂ '̂ ' 
fooc '• , ' " i jcty that is wp/in.1. 'i *;"oed passes into a Ui-hy'^M^ fair abundance at several places within an area some 6 miles in 
jcase just soutJi of the J? ^^M^osed m a t.i,„„„7 __ ,, ,. •y^m•..-..,.r.l.-l.l.^.^ .• /->„ xi xu._i. j„, i .-i. _u_..i.i u., „„i„.i 

•some ; ""'i''*J«mg m view of the ca/ ' *"'"'' ^̂  """^ ''"''"hdant. whic^-SlPyone to pass final judgment on the future of the Seven Trouglis 
ani,,„J r . ? .-'itered glass of the kind T ^°™P^^ition of ha.lh. ft S^istrict. The presence of very rich,, easily treated gold-silver ore 

ciescribed passes into Z''y?'''''^''yy 
m a tunnel on the SandsW^i^^gth is highly encouraging. On the other hand, it shoukl be noted 

proi V ^̂  ^'^ridifer lease the vesirl ^" Bradie\f lense to !jis-~ji''^''t the veins are not of great size and apparently are not as a rule 
with '"'^/'^•^^tals of quartz. In y ^^"''"^.^"'•^P'^rtl^-filled l)Vc!ae::r3*^ great length or pereistence, and their character at any consider 

quartz and some witl, ..„i -..- ^^^•"radJey Je, lease some are filial'-'If^''^e depth below possible superficial enrichment is yet undeter-
greenish gray altered substa !^7^^ ^^''sseminated ihrou*^ '̂ .'•f'"'"̂ <^̂ - Moreover, it is evident that in most of the mines the country 

' noted that were first Ji *̂j . '̂̂ '̂  varieties, and a ?eâ  3 ™ c k may be.expected to differ at various depths, and it is yet to 
alter f ) -^{though pyrite is f ' T ^ i P '̂̂ ^*^ and then (ilieAim^^ proved that the rocks beneath the tuffs and basalt in which most 
r u , . l 2 . ^^^^^^^ ^^'^ tuffaceous r n . h l ^ ^ abundant throughout thg.^^«f the known ore occurs will be equaUy productive. In short, while 

quartz. 

OUart' • ''"'(aceotis rocks —^'"iv niroug/iout tJig-vM"' '•ne Known ore occurs win oe equauy piouuciive. xii siiori,, wiiue 

in thf>'^'^^^^"^^"^"^^' "-''"ost microscon' ^'^^. f ^^^^' and occurs H-ji.V.'Sihe district is a most promising one for prospecting and developing, 

d. E l e ^ - - e i n J e t s in wLT"̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^ 
gold. Tfi 
"o pyrite, 
hly 

^ —-tj^' vemiets in which are the visibl 
ese veinlets, so far as could be seen ' e parficks- of ' 

: some stephanite 
According to u d d d d : T ' ^" ' ' ' ' ' cont 

a gray nudeni! 

F, . . . . . . . 

resembling bornite were noted in 1908 .... .u.<;i i 
Mazuma HilJs mine in quartz simiJar to that elsewhere rich in 
but as a rule the auriferous quartz is notably free fro, 
eral than gold. Stibnite occurs in friable JenticuJar masses of con.«id-
erabie size in soft crushed basalt in the CJiadbourne lease, and is .said 
to have been found also in tlie Reagan lease. I t d 
a])pear to have any intimate connection with rich 
silver is said to Jiave been panned from the 
in Wildhorse Canyon. 

All of the ore visible in 1908 was within the, range of oxidati.on. 
The results of weathering, however, owing to the very small quan 
of pyrite in the veinlets, are not conspicuous, and there appear.'' 
be no very definite change from oxidized to sulphide ores. P>-rilc 
and stibnite, as has been seen, both occur in connection with the 
ore dej^osits above the ground-water level. The surface of tlic 
tlnderground water near Seven Troughs fn,-,-—--
to the bottom of the canvnr. •̂•- —' ' 
, 1 - i • ' 

le-:., 
, . ^ ..^ .,.1011,0 were lound with the gold in d 

airview mine, and a lifctJe chalcopyrite and specks o ' 
"""" ' ' ' ' " ' ' on the bottom level of the 

gojfj; 

m aiy^ other min-

oes not. However 
ore. A little native 

ore of tJieWiJd Bull mine 

a n t i t y 

s t o 

<'«.'H,«. rise,, ,r, T 3 il "SrZT;t.''w-"»««lv 

it is yet too early to regard it as one certain to yield largely for a 
period of many years. 

ROSEBUD DISTRICT. 

SITUATION AND HISTORY. 

The Rosebud district is situated in the Kamma Mountains, a 
minor crescentic ridge lying north of the Seven Troughs Mountains 
and fronting with its concave northwest side the forbidding expanse 

f.of the Black Rock Desert. The main summits rise from 2,000 to 
3,000 feet above the desert. Like the Seven Troughs Mountains, 
the group is merely a part of the Trinity Range. The towTi of Rose
bud, close to which the mines are situated, is about 28 nnles north
west of Humboldt House, a station on the main Ime of the Southern 
Pacific Railroad, and about 35 miles from Mill City. There is a stage 
from Humboldt House about once a week, but in September, 1908, 
no attempt was being made to maintain a regular schedule. 

The Kamma Mountains have long been kno^vn as a source of sul
phur, the Rabbit Hole sulphur mine having.been worked since 1S74. 
This deposit, which has been described by G. I . Adams," is about 
5 miles north-northeast of Rosebud and was not visited in the course 
of the present reconnaissance. 

Silver ore appears to have been first discovered near the site of 
Rosebud in 1906. This was followed by a senseless "boom," in 
which, as usual, folly played eagerly into the hands of frautl. Con
sequently, the town, which sprang up before the existence of any 
considerable body of ore was assured, is now nearly deserted, and 
the winds whistle through the unglazed windows of its most })re-
tentious buildings, abandoned before completion. 

1 The Kabblt Hole sulphur mines near Humboldt House, Nevada; Bull. U. S. Ceol. Survey No. ?J,"i, 
1904, pp. 407-500. 
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tons of o,-e from an on^n . . . . . 5 O / Z ' T ' . " ' ' ' ' ^ shipped f,-oni Jo t o3$ - | 

Some Dros7i<^^^;,3'"_"""?"*,of the district un to tl '"̂  T ^ l l ' ' '^ '̂̂  *°''^^' ^̂ ^ which the valuable constituent was massive argentite 
i ,|r|sssociated with kaolin, limonite, yellow pulverulent jarosite, and 
»• iî v,i..,Qj.g QJ. iggg oxidized rhyolitic material. This ore was fountl at a 

fenown, represents the^T^ T ^ ^^^^^^ ^^ ^^^^ <^cep. This*^'" f̂  ^ ^ d l A e only ore shipped from the district. This occurred as a mass of 
1908. Somft , . , .^„„_. . *' output of the dfsfrinf ..„ ^ *? " " ^ ^ w l o to 20 tons, m which the valuable constituent was massive argentite 

rogrcss in dzdBT^'^2t S E E : :Z ;? "••°̂" 
hiid, the district may u l r ' 3 ^ Passes a few miles n o r ( l " 3 'u ' ^ w ' ' ' ^ ' ^ where a little^north-south fissure with a low dip to the west 

"• ^ y prove of some imjjortanc ~ • SJ^ '^ed the main fissure zone on its south side. The ore rested on the 
.,^ioot wall of the niinor fissure and did not extend over 10 feet from 

According-to thA w..„.:_., ^ — - ^ - v . ^ u « r . . -;]§ihc suri^ace. 
East of the Brovm Palace ground is the Dreamland, with a lOO-foot 

vertical shaft and short drifts on two levels. The vein strikes N. 70° 
I t consists of hard, dull-white cryptocrys-

GENEBAL GEOLOGY. 

3z::zz'2:yy'.'-^^. 3'3-"^^'-/^y22^3222''''^^ 
IA ri..,.U . . . ' W« — 

"^i,Si tiilline quartz in pyritized rhyolitic flow breccia. I ts maximum width 

5"22:is:^::J::3^ ^ 2 : ; ; : z : 3 7 y 3 . »""'-aB. „„<.. ab„„t ,„.,»,. 
r 
Te 

Je dacite and diorite. ' " '6 'ontheeasts idf .nff j , "̂̂ î̂ c JUK 

2i,2''ti2''373^2^'22:y'°''''yi 
in ^., l l . . ^̂  supposed Jurassic .<5l«fA„ . 3 ^ 7 '̂  ^ ^̂ ''̂  '""c I'rol»3f»ly;^ .apparently is not very persistent. The quartz contains more or less 

1" 

seen on the road from 
t h e T i ' • ^ I n d h o l d t \ f d ! : T d Z ' ' ' ? P - - ' ' i ' > g r o c h Z g ^ Z ^ ^ 

duck C 
- ilJow S 

iiiiZZZtZr^. •-^'^33ZZ ' " 3 *3.o.«e. ..,,„,, 
as m 

mn^.yi 

—..^K.uldt House to Rosebud, which cr<-«=esSS 
I'nnity Range north of Antelope Peit'^ '̂̂ -' 
veins worl-o'^' .,-. -r. 

la 

s, ^ .V.OI, iioove tiie to-vvn. The rhyolite i.s 
consoiciintisly porphyritic and as a mi" •'— 

..„„ ..Kii m UI AnteJope Peak,- by way of Willow S| 
The A-eins worked at Rosebud are all i" t'^" -'- ' " 

is 1 foot, but it is irregular, splits at some places into stringers, and 
not very persistent. The quartz contains more or less 
argentite, and a httle ore has been sorted and saved for 

Thes occur?! 
j ^ s m g about L500 l^et a b m ^ the i " T ^ ' ^°"» r o u n d e ^ P 
P'cuously porphyritic and as a ™,! -"^'^^ ^^'^ ' ^ o U t o i, ^ y ' ^ 

of it_repi-esents an ori.-innli. 1 1 3 " ™ .̂̂  «̂ ^'cry fine 
R ^^" ,"•; '̂ n ongmaJJy gJassv m^i. 5 3 3 ™^ gramed. M m M 

cation and Jocallj a Vood H 7 T "'^'^^'^s "n^leigone devitri " ^ 

^:t'-'^^--'-s^^25yz2iz3dF' rmd 

The 
ORE DEPOSITS. 

J ne principal zone of mineralization lies about half a 
Rosebud and striir,.^ — ' ĵ l̂ .,\rest. 

on whicl 
.- ..„^ iccu ueep on a belt of fissu 

dips 70° N. Th'^.'-A'•"—• ••• • 

and west At fV " " ' o o r i h o f 
^^est. At the west end of the-

- « e is the" WhS^Af^^^^^ «-^ ^ 
inclined shaft 130 feet d L r o r a t ' i r . ^ ^ " " ^ ^ ^ ^««^« J - « - have an 

;^'PS 70° N. There is v r^J i " t l eve t ^ " " " ^ ^ ^ ^^^ alterati n J.H 
nn of small i „ . e g n J a r s t r i 4 e . f T d T ' 5 . ^ " ^ '̂̂ '̂ t merely i„ tl.o . „ — . aviixi^Gis. I'Jie mineralized material 

much-altered rhyolite containing abundant finelv di.<?.'!An-"'"" 
which here and t.ho.̂ ,- —-'-'' .jv..n,e containmo- abnnrin^f -a / ""-^^""^1 IS a wmu\ 

^ , e and there gathers h i t n ,^ '^-^ clisseminated pvrito 

dddd^dddSy3^3^^d^ 
embedded IS kaolinite. T \ 3 . I d i d ' ' ' ' ^ ^"^' ^^ which the pyrite 

The depc Z:s2-''' -'^ i22Tis^3y- ^^2:1 
East of tl 

a^ei-ation is the Brown P^l 

East of tlie TVJiite Alps, on the same general 
aeration, is the Bro-vvn Palace mine 

and the other about 500 feet long, ha .. u^ iui 
si't.A c.M-" -^ " No ore has been found 

1. , - ' I 

site sides of a small spur 
up the hill is a small 

^^"^e^^O ore h a ; b ; ; Z n d near 

me general zone of fi.ssuring and 

have h * ^ " " " " ' ' ' * ' " ' ^ ' ^ 0 0 feet 
», have been run into the hill, 

open cut on the fissur 
on oppo-

in them. Hitrher 
•e zone, whence was obtained 

shipment. 
There are a few other prospects in the district at which work was in 

progress at one time or another in 1908, including the Golden Anchor 
east of the Dreamland. These, however, were not examined. 

Although the rocks of the Rosebud district have evidentl}' been 
subjected td the action of solutions similar to those that elsewhere 
have produced important deposits of the precious metals, it is not 
yet apparent that any large or persistent veins have here been formed. 
The little ore thus far discovered is so near the surface and is of such 
a.character that it can not be regarded as indicating deep and unpor-
tant ore bodies, although the possible existence of these is not denied. 

RED BUTTE DISTRICT. 

SITUATION AND HISTORY. 

The small settlement of Red Butte, which consisted in September, 
1908, of about 30 tents, is situated 45 miles north-northwest of Hum
boldt House, 55 miles a Httle north of west from Winnemucca, and 
30 miles north of Rosebud. I t lies near the south end and on the 
west slope of a rugged ridge, locally known as the Jackson Range, 
but really connected by a broad belt of lower hills with the Trmity 
Range to the south. There is no regular stage to Red Butte, but the 
district may be reached by hired conveyance from Humboldt House 
or Mill City. The camp is attractively situated close to a flowing 
spring, on a gentle slope backed by the dark, partly wooded peaks of 
the Jackson Range and fronting westward on the vast gleaming 
expanse of the Black Rock Desert, broken here and there by lonely 
buttes whose strange and sharply carved forms glow -wdth the ethereal 
colors of a desert landscape. 
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1907, his first prospectint' bein<''f d \ t ^^ " •'̂ - ^ - Daniel in .MaT,;;!̂ f̂ hornblende up to 2 centimeters in-length. Under the microscope 
a niile north of the present sett" ' ^° t "n the Redeemer claim alKMjj.-iAe rock is seen to be composed of calcic labradorite, augite, hAnicr-
directed mainly to the exploratio'^ f" '^^.''^cn work has bcm'|#thene, biotite, quartz, and much hornblende. The last is in part 
presently to be described. No I î*̂  various copper de/wsjisi^^'iarply intergrown with the pyroxenes, but a considerable projior-

las been shipped, anrl undpr-ifiion of it appears to haye been formed by the alteration of the color-

veiy supei-fici^ZVrlctev ^TadfZl ' ^ l} ' " ' ' ' ' ' °"^"^^l ' to oj^ening. of a-l lcss augite. 
locators of the claims. The oui t "̂ '̂ -̂̂  P ' "^ ''"' '̂"^ o n 3 n i l 3 Detailed petrographic study would doubtless reveal other varieties 
very different from the methods tl P'^'^^Pcctmg here in j)rogrc.« i£.<-:|| of basic igneous rocks, but for the ])urposes of this reconnaissance 

gave notoriety to Ro.schud. 

GENERAL GEOLOGY. 

;Stlie general country rock of the district is designated with sufficient 
r ^ accuracy as gabbro. 
;"|^ Cutting the gabbro are nmnerous dikes of a light-gray to pink 

a))litic rock that contains practically no dark or femic constituents. 
es vary greatly in size and trend, and some of them are very 

, . I •"- -- ^.lo iiiiuLv jtant-e, • -a "•vife "̂"'M as may be seen on Anaconda Ridge just southwest of the 
gists of the Fortieth Parall V s ^^ ™'̂ ^ '̂* '̂̂ ''̂ ^ "^"^^^'c by the geol&^ The contacts between the dikes and the gabbro, as 
blance to the Mariposa si t d d r " ^ 1 ' ^ '^^^^ lithologic re.=en>- '-p exposed on this ridge, are close 'and distinct, but careful inspection 
Jurassic limestone in the H '̂ '̂ -'roiTiia and to slates ovcHnnf - l l '̂̂ ows that between the two rocks there is generally a gradational 
Western Pacific Railroad 1 ""^ i! •'^^"^c. The grade for ihe ' p ĉ̂ f̂ j ^^ss than an inch in width. Along some of the larger dikes the 
and the slates have bepn r ii °̂ ^ 2 carried through these liiiU '41 ^orie is.wider, and this suggested at first glance that the dikes were 
I, .. • i-,eii. well exno.sArJ ir, r.-,-,,^... , " "j .ym- , , ,, n ,. ,- . ,, , , m? 7.1 , , , 

vere 

middle-of a w i I S , ' d ^ y ' i ^ j T ^ ' * ^ " « « ^^e road keeps fo (he^^'^Plitic roc 
westward and crosses obi W v l t r d d d " ^ ' ^ ' ''^'^^ *""'« " " " J * - ! " '̂'̂ ^^ ^ ^ ' 
coniposed pi^cipally of L d s { d d d d T J 3 ' ' d '̂̂ ^ ^ 3 ^ ^ ^ ^ ^ - ^ M ' ' ' ' ^ ' ^ ' ' ' 

ueen well evnnoA ) • ^ '̂n-..,!; iiiij.Sj /.p --> — — ---DO o 
10 ODD t ' r " 1" numerous deep cuts, which M "merely belts of alteration in the gabbro. The dikes probably w( 
ulk tl . ' ^ • ̂ •'^^rnine on this tri'j). I ' M 'ajected while the gabbro mass was still at a-high teinperature, that instead of a rapid chilling of the dike magma at its boumling 

however, there was no 
f'rom these slate hilh t L , ""•', "" "" '^"""e on this trip 

- l"ch. appear to rLe Ŝ ÔO to 3 o f o l ' r r ' " . ^ ' ' ' ' ' J - ^ ^ - " « - ^ - . • ••. 
conspicuous to the north Tl' above Black Rock Desert, are -^S- '̂ "̂'''̂ '̂̂  there was a shght interpenetration and mixture of dike material 
judged from an examinati f ^ ^ 3 composed, so far as could l̂ e 3 '̂ '̂ '̂  gabbro. This feature is not uncommon where granitic rocks are 
brought down hy streams f ) ^^" •'ower slopes and from nialerial 3 ^̂ t̂ by the aplitic dikes characteristically associated with siliceous 
\»,.i,,'̂ .K „i. . . . ? 01 a nornoIenrliA onri 1,.- .i . which also is the , ) r ^ ; ; i ^ i i ^ ' " T ' ^ ' ^ " ' ' i ^ ^ l hypersthenic 1:̂ ^̂  • ! plutonic intrusives. 
gabbro and r e l a t e c i g n e o t t s % n r > f ^ ' ' ^ ^ " " ' ^ ' ' ' « t r i c f : ' 
slates, but no exposure^ of r e o n t e t " ' ' ' ' ^ ' ^ ^ ^ ' ^ ' ^ ' ^ ' ' ^ ">"^ 
"! the district. Some s t r . m T T d ' ^ T d ' l d ^^e few hours .spent 

TJie 
I lie 

rock; reported to be limcsto -'ne, i.s visible from the camp in a subordinate ridge along the edge of Black 
Rock Desert, a few miles to the northwest. 

The most abundant gabbroitic rock 

•n grained, and evidentlj^ rich in ..^xxiwieuue. 
it to consist of a hypidiomorphic-granular a; 

dorite, hornblende, onn-.'f̂  • 

- e d i u m grained, and e^f i^ : , ^ : ' ^ ^ ^ I T d ^ ^ 
shows it to consist, nf o 1 . - l "'̂ ^^ ' 2 hornblende. 

near Red Butte is dark grav 
The 

iWende, augite, quartz. 
nucro.scof>c 

aggregate of labra-
., —rb'-'c, quartz, magnetite, and apatite. Tlie 

hornblende apjiears to be in part primaiy, but in part also it has l)oen 
'erived from the augite. Most of the mmrfv ie. «« --- " ' 

rock 
cldorite, ant 

the quartz.is an original constiiu-
ent, and fills angular interstices between the feldspar crystals. 
— ' as a rule is more or less altered and contains 

a little epidote derived from 

Thi.« 
quartz, .«ericite, 

other ^ v.v.xivcu irom t/ie other minerals. A 
more coarsely ciystalline variety of lighter color was noted about I 
mile north of the camn. Thi'a contains ciystals. (jioikilitic anhetiroas) 

camp. This 

"Doscniieclin vol. 2, i:-,77 

Microscopical study shows the pinkish dike rock to consist of alkalic 
feldspars with some sodic oligoclase and considerable interstitial 
quartz. In some varieties the quartz and feldspar are intergrown 
as micropegmatite. Most of the alkalic feldspars are twinned repeat
edly and irregularly according to the albite arid pericline laws, and 
are intergrowths of both the albite and orthoclase molecides. Si>e-
cific determination of them was not attempted. 

A considerable part of Anaconda Ridge, about 2 miles southwest 
of Red Butte camp, is comj^osed of a compact, minutely porphyritic, 
dark-gray rock, which the microscope shows to be a slightly altered 
andesite. Presumably this rests on or is intruded by the gabbro, 
but its structural relations were not ascertained. Some basaltic 
rocks also -\vere noted along the road a few miles south of the camji, 
between the gabbro and the slates, but they -were not closel)' exam
ined. One kind of these is remarkable for the large size of the 
plagioclase iihenocrysts, which are tabular parallel to the brachyiiina-
coid and u]) to 1^ inches (4 centimeters) in length. 

v-.i-: 
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i«iOTS IN HUMBOLDT COUNTY 

' ^fiVADA. 3 MINING DISTBICTS IN HUMBOLDT COUNTY, NEVADA. 3 1 
ri., COPPER DEPOSITS. 
ihe copper deposits at 7?A i •D -1 HUMBOLDT RANGE. 

aphtic dikes A f- ^cd Butte are olncAi -1 
examined. A t l h d d ^ ^ ^ ' "^ "^^ "^ore impoSnt ' ' ' ^"^* ' '^ "̂ ^̂ '' ^ ^ ' 4 ^'^''^^^'' ''^'^''''^''• 
about l i miJes souti ^^^ ^"^^^ ^ ° ^ Metallic P^^P""^'* could i»e.J, The Humboldt Range (see PI. I) has a total length of about 75 
shallow pits have b ^̂ ^̂ ^̂  °^ '̂ ®̂ *̂ ^™P' a bhort /™"P^ ''^ ("•'aims,,, Jmiles and attains a maxhnum altitude, in Star Peak, of nearly 
containing cuprite '̂̂ ^ .^^^^.^^ on soi^e bunch ""f̂ ^ ^3^ " ^ew.g 10,000 feet. As all who have written about the range haA-e recog-
ciated with hematite^^^ ^ '̂ native copper, m d ^ I ^^"''^cd onejfnized, it is divisible into two distinct parts, separated by a fault the 
irregularly distribut^'l f̂î *̂ "̂ *'̂ ' """"̂^ ^ 'ittle barifp^ cirysocolla, asso-Imposition of which is marked by a low transverse pass known as Cole 
part is altered to a Z"^'^^^ ^ ^le-grained anl-f r "̂"""̂  ™^'"''"-i^'^"y°"- The northern division, called by Louderback" the Star 
been done to reveal \} '''̂ ^P* '̂̂  material JVo/ ' "•^" '̂' '" M P'̂ ak Range, trends north and south and is about 32 miles long. 
course of the dike witĴ ^ extent and trend of the ^^^^^^ ^^'c^' ^'^ ^ The southern part, called by the same writer the Humboldt Lake 
northwest and soutl ^ .̂̂ ^ ch it is associated a ^^^ '̂ ^̂ ^ general ik Range, trends north-northeast and south-southwest and is over 40 
dike or is confined t ^ ? • ^®*her the ore o c c d T ^ *° ''^ "earh- 3 miles long. The course of Cole Canyon is north-northwest. 
tfie exposures availabl ^^d^' ^^^' ^^e gabbro ' ^̂  ^''oughout the M According to Hague'' the Humboldt Range consists of an Archean 
no clue to the ori<̂ in f ^̂ - *̂™® °^ "̂ ^̂ Jt Th'e^^^^ ""'^ ^̂ ^̂ ^ '"'̂ ""̂  1 nucleus upon which rest Triassic strata of great aggregate thickness. 
oxidation. * ™^rieralogical character of^thT'"^^ "''̂ " ̂ '^'^ 1 T̂ êse are overiain by Jurassic beds. Therearealso,on the lower slope. 

The Anaconda or ^^^ before its ; | considerable masses of Tertiary rhyofite and basalt and a few rather 
about a mile southwe t V ^^*'"^^cd on the rido-e of tl -f ^"^^" exposures of Miocene beds belonging to the Truckee formation. 
being developed at th ^ t '̂ ^̂  ^"'"^P ^̂ ^̂  ^^^ to 500 f ^^"^^ name. ^ Wien it is remembered that the geologists of the Fortieth Parallel 
entirely within a broa/"^^ "^ ^'^'*'^•^ ^Pen cuts rp, ̂ ''̂  higher, was ' ^ Survey mapped an enormous area, that many of their lithologic 
coarse gabbro. The ^̂  "orth-south aplitic djjĵ g ^ e working.s arc "m determinations necessarily depended upon the color and erosional 
which.occurs along' nar "^ constituent Jiere'i °^- °"^^ fairly & forms of rocks as seen from some commanding point of view, that 
to some extent dissemin^r T^™^ "̂̂ ^ ^^^^^^ « the^dT^^^*^ copper. S their geologic field work was done before the topographic maps were 
the extent of the ore b I ̂  i *^^^°"^^^ it. Work had ^^^ T'^' ""'' ' " ^ 1 available, and thiit the science of microscopical petrography was 
which the native conn °°* ''een ascertain Z"®* , ^ ' " "'"' "I then in its infancy, no surprise need be felt that many and important 
other vem material i ^^ ''^^"^^ ^̂  not much altered ^' V ^̂ '̂ ^ '" 1 changes must be made in their mapping by those who follow in their 

At the Redeemer da^^^^^"* '̂ ^"o no quartz or | | footsteps. Louderijack-^ has shown that the so-called Archean 
hssure zone in the 2-aI b ' *^oout a mile north of th -I ^^ucleus, exposed in Rocky Canyon, southeast of Ryepatch, consists 
to chrysocolla, makcJiit'*' carries streaks of chaJcocit ^ ^̂ ^̂ ^̂ ''"̂ "̂t, a I of a mass of post-Triassic intrusive granite with aiociated contact-

N ôt enough prosDP t' ^ ' 2 ^ ^ azurite. ^ e Partlj'altered f metamorphic rocks. The intrusion, as Louderback observes, prob-
tance of the district n ^ '̂̂ ^ -̂ 'et been done to det • ^ ''''^'^ '̂̂ ^̂ ^ place during the period of post-Jurassic deformation that 
the deposits does not 1 ^ *^"^°^ "^ '̂̂ PPer- The su^^^'"-^ *'"̂  ^P"""' I affected the Great Basin region and the Sierra Nevada. 

^iotJier beJt of m'' '̂ ^̂ f-̂ *̂"' ^"ggest great size ^ - 1 ^ ^ ̂ ^Pect of | The Triassic rocks were divided by Hague into "two formations, 
east base of the Jarl '"^''^"^^tion, not visited d ^ "chness. M The upper or Star Peak formation is described as consisting of the 
^ t one pJace a fpw , ? ? " "§^^ '̂ "̂ ^ to earrv i d ^̂  ̂ '̂̂ ^ the 1 following, numbered from the base up': 
progress at ^n anH' ' '«"*'^east of Red But t?^" ' ^°^' antimonv. 1 ' 
reportArl f) O^.^ Prospect in <5 ' ^ome work was in f Tahularsectio-noflheSlarPmkformalionco'mpiledfTO'mthedeseHptionhijArnoldFlague. 

"^ade. C nnlb ' ' ' 7 ° " ' " * "^ P^^tly o x i d S e r ^ r ' • ' ' " ' ' '^"'' t̂ was V 
«.Ao^ / - m n a b a r also occur.^! n f "^^^IZed s t ibn i t e woulrl .r, 3 V 5. Quartzite and overlying limestone 4,000-5,000 
^;est of the road to R I A K , ^ 3 "^'^"^ sou thwes t Z d i T ""̂  4 ^- Mas.,ive limestone.. 1,800-2,000 
'developed and was no t ' ' ^ ^ '^eposit h ^ h ' ^ " " ' ^ - T 3. Black aronaceo.,.s .slates 200- .SCO 

.. ' ' e x a m m e d b y me . oeen very nttJe 1 •••2. SLity quartzites .alternating-ivithgreeiiishschistoserocta. . 1,500 
•'ji . 1. Limestones. Dark, almost black at the bafle,̂  passing up 
'ff into gray and blue varieties ; 1,200-1,500 

• I n Ba.sin raiiBO structure of t.he rtumboldt region: Bull. Geol. Soc. America, vol, 1.'), 1904. p. 2fl4. 
• Z l> Deioriptivo Koology, 11. S. Ocol. Kxi)l. 40th Par., vol. 2, 1877, p. 714. 
M 1 r.niuiorback, 0 . D., liasln strucliire of the Humboldt region: Bull. Geol. Soo. .\iucrica, vol. iri. itxn, 

. t" . # p . 318. 
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HUMBOLDT B A N G E . 

attention to the fact that^the j m s i o n of^«^^^^^^^^ 

The total thickness is roughly estimated by Hague at 10,000 fw^m ^ ^ ° ^ ! ^ ! S o i r S S t I l^'^e ̂ " " ' ^ ^ ^ J . J t k ^ K ^ ^ s e rocks near the 
The Star Peak formation is noted for its abundant Middle Tri.is^^f'^^'^ i rSi ia to formation. An exann ^^^^^ eoxnprise andesii 

MINING DISTRICTS IN HUMBOLDT COUNTY, NEVADA. 

vertebrate and invertebrate fossils, which have been described bŷ î 
a ; o the Koipato 

Star Canyon, 
shows fhat 

Gabb,« Meek," Hya t t and Smith,'' and J. C. Merriam.'^ The strntill ' ' ^ d V ^ Z . flows a«d tnff^' ^ T ^ L h U y schistose parallel w i n 
p-ranhic section. howPVP.r. is miir.b in TIAPVI nf dpf.nilp/^ sfnrlv li>«iSa'«^ rhyoin- • ^̂ ^ ̂ ^^ altered and are & ^ appear to o graphic section, however, is much in need of detailed study. IJC^: 

S o f limestone. 
All are alte: 

Were it 

the Upper Triassic is also represented in the Humboldt Range a n d - J " " " ' " " -̂ î̂ jn is a httie u o u ^ - - - ^̂  much in 
list half a dozen fossils. The beds containing them are said" to l^ri^y'^P.^'oijato and Stat Peak formation 
unconformably overlain by limestone contauiing Jurassic forms. Zf: '̂̂  irate definition 

The lower division of the Triassic was called by Hague I the Koipaio 2 *"̂ ^ "^ true ture 

o t ^ : i studied 

nurrieaworjcwui, ioeiieve, mak:econsiaerabiectiangesinthesequcnce:i:5 '• • i Kjvcr planes, vveic -
and. lithology as interpreted by Hague and is likely to show some^ '̂ ê bee c ^ ^ considerable thic n ^̂ ^ 3 ^ , . ' ? . " " " Kotw 
duplication of units in his section. H y a t f and Smith^ state t h s t l » " ^ ^ f , ^ ^ , , , 4 , w be grouped with tne J - , { division beiw 
f ^ r i T ^ ^ . . T^.;„c.;„ ,-o „i. .„^,„A 2 ,i,„ -r-r u„i.i. u . ,„„ . ^..i^iwould naturally u & doubtful. Ihe pi ^ ^^^ge s t 

raphic P0- t^*>7 | , : ^pLlc formations is . 
he Koipato and btar x 
,nd accurate definitron^ H^,,,boklt Lake 

The ^ t r u c t u r e ^ o y ^ ; ^ . ^̂ ^̂ ^ ^^^,^,,,1 t 

porphyroids," with a .o . ^ . | ^ ^ ^ ^ ^ ^ t Z : " ^ ^ - ^ J - g t a r P e a . ^ - g e is 

••een 
study 

[ully 

formation, from the Indian name of the Humboldt Range, 
described as a series of cjuartzites and 

Kae been careuui.^ 

o^ 

thiclaiess roughly estimated at 6,000 feet. The "porph}Tnid: 
although recognized as-closely resembling eruptive rocks, were nv 
garded by Hague as "metamorphic products of the mixed quartz 
and feldspar rocks of the series of beds underlying the limestone of 
the Star Peak Triassic." 

In the light of modern petrographic knowledge, Hague's dosi rip-
tions and the accompanying chemical analyses of the "porphyroid.?" isi 
strongly suggest that they are not metamorphosed sediment.'^, but 
are for the most part eruptive rocks. The exigencies of a h.-isty 
reconnaissance . did not permit a thorough examination of die 
Koipato formation in 1908. Enough of it was seen, however, lo 
leave no doubt of its dominantly igneous character. I t consists of 
volcanic flows, mostly rhyolitic but including also andesitic lava.";, 
associated-with tuffs, conglomerates, grits, and limestones. Tlic-
" porph\Toids' ' are for the most part true igneous porph}Ties, although 
some of the tuffs may also have been included under this designa
tion. As is to be expected in pre-Tertiaty lavas that have l)eon 
subjected to considerable deformation, the originally more or lo^ 
glassy rocks are devitrified and altered, in some places even to being 
rendered rudely schistose. The extrusive and tuffaceous rocks are 
cut by rhyolitic and dioritic dikes that are also of early Mesozoic 
age, and the Koipato formation as a whole is a volcanic complex, 
of wliich nonvolcanic sediments, including limestones, form a sul>or-
dinate part. No true quartzite was observed in the Koipato in the 
course of this reconnaissance. 

n PaleontoloR,', vol. 1, Oeol. Survey California, 18fi4, pp. 19-35. 
6 Pnlooritolojr.v, U. S. Geol. E.vpl. 40th Par., vol. 4, pt. 1,1877, pp. 99-129, Pis. X.nnd XI. 
rTria^sic ivphaloixxl Briiera of .\ineriea: Prof. I'aper U. S. Geol. Surrev So. 40, liW, pp. 21-3, Fir. 

XXH-XXV. 
rf Tn-:i..stv I.-hi.'iyiiKiiirfa; .Mem. l"iiir. California, vol. I. So. I, Berkeley, Cal., li«S. pp. 15-15. 
'Triii.<sio i-.pbalopoil Konera of .Viiierlca: Prof. Paper V. S. Geol. Survey iVo. 40,1905, p. 20. 
/ O p . cit., p. 71f>. 

: : „ , f e w e s t t - t 

r y L ime ..JJ „ 

ixplanation of the structure oi tue v...,̂ . 
similar, and he believes that the main fault along the west base 

— ^" the east through Cole Canyon and h 
-• ^ J t "Rnnsre into its two distinct 

L range curves to tne .^^ ^^^^^^^^,, ̂ , , g e 
-. . 1 j.1,^ c./>r>n,Tation vu effected the separatv 

divisions. contains no impo 
joxtant mines^/«d jio 

The older visions. The.Humboldt Lake Range com-anx.. ..^ " •'̂  -..1C! made during this reconnaissance. iii« ^.i^.^-
T 1-.̂  Ka broadly anticlmal cxammation of it was made during tnis lovj^ 

structure of the Star Peak Range was found to be broadly anticimai 
-;v,„r-i bv Hague, the axis of the fold trending north-northeast-

-"""^"" the range obliquely. F 
" —; i o 

rom 
in as described by Hague, tne IIA.., — 

ward from Cole Pass and thus crossing the range oouquv...,. 
Cole Pass to Unionville is a belt of Koipato rocks 7 to 8 miles 

Southeast of it is - ' -D„„V mass of the Star Peak 

formation. Northwest of t 
^^int southwest of "Unionville to the vau^ij „. 

1- -.,^ nf the Star Peak formation, ove • ' ^v,„s thi 

to Unionville is u i,.,.„ _ 
breadth. Southeast of it is the Buffalo Peak mass ,_ 

Northwest of the Koipato belt the main ridge, from a 
" •^''-^""Anne to the valley of the Humboldt near 

»-_„+;„„ overlain i point also made up 

ar 
in 

Thus the north-
k i l l City, rs - - X l d t & e by J - - f ; f , r o f a monocline clip-
the vicinity of H n m b o ' ^ ^ ^ ^ g ^ ^ ^ ^ ^^^^ ̂ , ,1 
ern half of the Star i ea^^^^ ^^ faultmg flong tn^^ ^^^ consequent 

ping a 
range, as 
eastw 

: or uuo !_, 
little north of west, l i taun>mg, . .—„ 

, as deduced by Louderback, actually occurred, the consequenu 
'ard' tilting of the whole mountain block must have decreased 

-V vVift diTi of, the older monocline, which is still the most 
' .A-u v^„rt, of the range. 

COnsplCUOUb ^,TFEN- MINE. 

HUMBOLDT QU«^«- , „ r thcas t of Oreana, 

, i^tle-used station ^ — _ 
a now^^^;tie^^___^ ^ 2753. 

,,44S_1U.U, 4 1 4 - 0 0 - — 3 
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MINING DISTRICTS IN HUMBOLDT COUNTY, NEVADA. 

'I 
tween the mouths of Sacramento and Limerick" canyons, at thu ^ ^ ^ j f 
base of the Star Peak Range - ^ 5 

- i ^ ^ ^ ^ ^ - ^ ^ ' ^ t t m e veins or parts 

dip '"̂ ^^ 
of veins to ex-

ital, in 

lauch variation m 
,b tlie DBuu^fo -
tie failure of some ^ 

Little has been ascertained relatmg to the history of this mine irVjui^^d to great depth. ^̂ ^̂  change in dip °^ ".""^^^ich some of 
<̂ ,.Gai, "̂  fromhgure o, " ,. „ii,r ibus-

this conformity ^^ goj„« , . „ . ^ . horizontal, -^ 
u^ke, and of course^^^e^^^^ ^^^^^ ^^^^^^ ,he v - s ^ ^ , ^ ^ ^ i , ^ a n y 

is known to have been in operation hi 1883, and the aspect of i\Z î,x\\exs they are ve 

int 
ollar of the 

Wl 
thout detar 

About 1000 f e e t 
FIGURE 2.—Sketch of folded limestone as exposed on the slope of a 

small hill north of the Humboldt Queen mine. , ..Structural details . t tue 

the belt. There appear 

|<-6ft. ' 

Humboldt Queen mine. 

F , O O B E 3 . - 8 ^ " « - " " - _ V _ _ „^^par. however, to be more 

euipu_y uuuuiiigs uiuicates wiat some woiii.iiab oeeii uoiie uuiuiu "^<^^instancB» "^'.j ^ , ,' ujgg of these/veins vein stoped o'P 
past two or three years. No statement of the total production ^ 2 j y\̂ ^ structural eccentric o l i inclined shat (distance below 
obtamed. *^1^.,ted. At the colhvr ô t ^^ ^^^^ .^ ^^^^^ ^^d a stro 

The general country rock of the mine is thin-bedded Ikncstone, ^|55°E.,1>^* a t a de-p ^ hilly. SJoA as tne 
mapped by Hague as part of the Star Peak formation. I t foini"̂  at^-j j^ (\ips 60° to 70 W- ^^^ ^^^^ ^o^e is irregu a^^^ g^j-face at many 
this place a narrow north-south belt, bounded on the west In ihe 3 ^ b e topograpliy o ^^ ^^^ ^^.^^ vein to . ^ ^^^ . ^ ^ ^ y bed 
sediments of Lake Lahontan and recent alluyium and on ihe ' û  i,^tricate folding may ^^ ^^^ .̂ -i—,+ aetaile 
east by granite poi^phyry or rhyolite porphyry, which on the Forlmih ">: ninces, it is impossi 
Parallel Suiwey map is included with the Koipato formation. Tlic 
belt as exposed is from one-third to one-half mile wide and appc m, on 
the Fortieth Parallel Survey map as the narrow southernmost jwint 
of the area of the Star Peak forrnation that farther north makes up 
most of the range. The limestone beds are thrown into shaqi cmii-

plex folds trending 
generally about N 
10° E. A few of 
the folds are over
t u r n e d , as illus
trated in figure 2." 
Some beds arc not 
noticeably mc ta -

moiphosed, but others, especially the shaly ones, show considerable 
alteration, needles of tourmalkie and rosettes of a dark-green 
mineral probably belonging to the chlorite group being noticed in 
some loose masses that had rolled down from the slope east of the 
mme. The limestone is cut by a north-south dioritic dike, in placr-s 
several hundred feet wide, which passes a short distance east of the 
mme workings. The metamorphism may be due to the intrusion of 
this rock. 

The Humboldt Queen mine comprises numerous openings along 
a section, 1,000 feet or more in length, of a complex north-south zone 
of veins in the limestone.. The workings are mostly tunnels and 
shallow shafts or pits. At the south end of the explored zone, ho\^-
ever, is an old inclined shaft from which most of the stoping appears 
to have been done, and just south of it a newer vertical shaft, appar
ently 200 feet or more in depth. 

The veins are generally parallel with the bedding of the hmestone 
and are sharply folded with that rock. In a few ]>laces they cut 
across the beds, but this appears to be exceptional. The consequence 

n On the Fortieth Parallel Survey zir.ms the name Sacnunento fa appliod (o Die ca/iyon U[) which pa.<iss 
Ihc road from Humboldt River to Fitting or Spring Valley. This Is now locally known as Limerick Can
yon, the one north of it being called Sacramento Canyon. 

are m 
sed show various widths up t o ^ W l O j e e . 

faces exposed show ^ ^^^^^ .^ T l - t T L material. 
jnilk-white q u a r t j of argillaceous 

veins there 
than one. 

The vein 
The filling; is ^ f f - j ; ; & dark ^ ^ ^ ^ ^ I d S l d ^ e A gradually 
parallel with the waU ^y ^^.^^ P^^^^!^^vement. Some ^ 
The spaces now oeeupie^ oy ^j^^r each m^ove ^̂ . 
^ U i successive c l ^ p o f ° V e \ a k e n place ^^ f f^ ;^" , ! the veining, a. 
the folding a p P « ^ ^ ^ . ^ « X deformation is late ^ ^ ^ ^ y crushed, 

eposited, hu t much of ^ e ^^^^^^^^ ^ ^ i t h e folds- Other 
the quar t . - generaUy sha ^^^^^^^ ^ ^ ^ ^ ^ ealcite, pynte , 

as 
as 

minerals noted m ^^^^^^^^^^te. 
galena, sphalerite, a - . ^ C A N Y O N . 

AND AMERICAN CANY 
FITTING , Ut Oueen mine ternii-

r.^^^'yiZi3^'1^^^5d:2:Z5^ 
the granite porj 

. a t e / a t Limerick Canyon 

canyon is cut in 

. r a b o u t l i a n a . . - - ^ ' 
rphyry already referred 



36 

"i 

< 

MINING DISTKICTS IN HUMBOLDT COUNTY, NEVAD.A. 37 

of the limestone, 
appearance of an i 

HUMBOLDT EANGE. 

mill, and the lessee stated that in 1907 he was able to recover 
"" milv SS a ton on what the smelter returns showed to be 

City, /i-rterward a 15-stamp amalgamating ai . . 
mill was built at Fitting, but this was not successful. The mine was-î J 
worked by a lessee in the winter of 1907-8, but was idle at the time ,3 
of -visit. - • . ;,v|| 

The workings comprise a vertical shaft 300 feet deep, with levels 4 | 
300 to 400 feet long and of generally rectilinear plan. The 12.5-foot ::^| "23^ rea( 
level was the only one examined, as the upper ones are stoped to the j p , . jggp 

• surface and the lower ones are under water. ''*' 
The vein strikes generally N. 60° W. and dips 82°'SW. It follows 

an altered' dioritic dike, which is about 45 feet wide. This cuts fhe 
rocks' of the Koipato formation, represented, in the part of the work
ings examined, by a porphyritic rhyolite. Other rocks noted in the 
vicinity of the mine, and probably cut at various depths by the dike 
and vein, are rather angular conglomerates, grits, and tuffaceous 
beds, all containing much rhyolitic material and some limestone. 

The vein consists of firm banded quartz and is generally within 
the diorite, separated by a thin slab of that rock from the foot wall 
of the dike. The old stopes, now open to the surface, are 5 to 6 feet 
wide, with smooth regular walls. On the 125-foot level the stopes 
are in some places 8 feet wide. A notable feature of the vein is its 
displacement by cross faults, of which five or six are kiiown in the 
workings. These strike nearly northeast, dip southeast, and have 
normal throws. The maximum offset efl'ected by any of these faults 
is about 35 feet. They cut the vein sharply and contain some 
crushed vein matter and ore. 

The ore is reported to have ranged up to $400 a ton, with a varying 
ratio of gold to silver. It is not susceptible to treatment in the 

icker, tne ivuuuis ismni., ^̂— „_ 
ru, ueuig .^^,„. be 200 feet deep and all in gravels and 

clays! No gold, so far asknown, has ever been taken from the bed-rock 
« surface in the bottom of the canyon, although this appears to have 
3 been reached in one of the newer shafts estimated to be about 100 
?;||- feet deep. The gold is said to have been found mainly at the bottom 

of gravel layers, underlain by seams of clay. The gravel shows 
little rounding and apparently is subangular and hnperfectly assorted 
wash fromthe adjacent hills. 

According to Mr. Adamson, particles of cinnabar were often found 
with the gold in the rockers, and some good-sized bowlders of this 
mineral are said to have been taken from the gravels. This led to 
prospecting for cinnabar lodes, and some development work has 
been done at two places on the north side of the canyon. The only 
one of these visited is 2 or 3 miles fromthe mouth of the canyon, 
upstream from the placer ground. The deposit is a soft, crushed, 
kaolinized zone in porphyritic rhyolite. No walls are exposed and 
the zone is at least 6 feet wide. It dips north into the hill at 15° 
to 20°. Little specks of cinnabar are scattered through the kaolin, 
but -no ore has been found, although ian incline 200 feet long has 
been sunk and considerable drifting done. 

The second deposit, said to be more promising, is a short distance 
north of the settlement of American Canyon, in limestone, with 
some eruptive rock forming the hanging wall. The vein is said to 
strike northwest and to dip 20° SW. Specimens shown me by F 

»Oral communlcaUon. 

Mr. 
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Adamson contamed abundant cinnabar in small hregular fissures in •Jihicknoss of ^^^'i^^^'Jf^'jXippears'to be practically ^°^}"^\'° gQO '̂.uid 
dark-gray limestone. The vein is said to have been traced for a a r egu l a r and persistem c M ^^^^^ ^^ ^.p ^.bseryed is aoo 
length of 3,500 feet and to have bee -' ^ i„.wv<giKA witire hiU. ^ne . ^̂  ^ ^ _ ^ . ^ -̂  ^^^^ly hori2 

M222^^5 t325^2 l33^yZ 
'Z2zZ2TJ^i:i^2i2Zy<:^^:2''-"'5i^^ 

these 

LÛ de of dip oDseivo- - - -

a V i ' i - r ' l l - ' r ' l , overtook-

Unionville is situated on the 
in Buena Vista Canyon. I t is about 10 miles north of Fitting and ; | | theh iU for over l,0uu^e^^'^--^^ ^̂ ^̂  ̂ ^^^^^^ g^-j^bi ex-
15 miles south of JiCll City, Although no longer a bustlmg miniiig'fl tically no timber wa^^^^.^^^^ ^^ galleries between 
town, the quiet little settlement, with its running water, shade .trees, | | constitute a g support the roof 
orchards, and gardens, possesses charms that are the more pleasing | | masses ot w^ .̂ ^^ 
because urdooked for in so generally arid a region. 5^ stopes m ' . y. 

The principal mines are a mile or two southwest of Unionville ' a the unusua 

reat labjTinth of galleries between the neatly piled 
•1 f Raymond," who saw 

and at least 1,000 feet higher up the range. The rocks in the vicuiity 
of the towTi and exposed along the road up to the mines belong tc^ 
the Koipato formation and are conglomerates, grits, and limestones, 
with much siliceous porphyry, most of it probably rhyolite. The 
igneous rocks appear to occur both as flows and intrusions, but no 
careful examination of them could be made in the time available. 
The topmost member of the Koipato seen on the road to the mines 
is a sheet of porphyritic rhyolite apparently a few hundred feet 
thick. This rock is considerably silicified and extremely hard. In 
most places it shows flow banding, which, while more or less contorted, 
conforms generally to the dip of the mass as a whole and to the beds 
above and below it. In places, also, the rock is spherulitic and the 
microscope shovvs that it is a partly altered, originally glassy rhyolite 
flow. Much rock of this character appears to have been mistaken 
for quartzite by the Fortieth Parallel Survey geologists from the 
fact.that its outcrops, seen from a distance, have some resemblance 
to that material. Overlymg this rhyolite flow are thin-bedded, 
fossiliferous Middle Triassic (Star Peak) limestones, and it is in these 
that the ore bodies occur. Although generally gray in weathered 
exposures, the limestones are nearly black in underground worlcings, 
and are in part shaly. They form an elongated spoon-shaped 
synclinal moss, a little more than a mile in length and about 300 
feet in greatest thickness, that occupies the summit of a hill on the 
spur between Buena Vista and Cottonwood canyons. The general 
relations of the Ihnestone and rhyolite are roughly shown in figure 4, 
wliich is a mere sketch with no claim to accuracy of detail or to con
formity to scale. Along part of its east side the limestone is bounded 
by a fault plane, along which it has been dropped against the rhyolite. 
A smaller mass of limestone, southeast of the larger one, is sunilarly 
faulted down along its west side. This contains the Wheeler mine. 

The Arizona deposit is a bod or blanket vein that conforms with the 
bedding of tho, limestone and hes approximately 25 feet above the 
base of this rock or tho ton of the rhvolite. The veir^ Imc » TV....-; 

form of the deposit 
and remarked that 
the conditions were 
more suggestive of a 
coal mine than of one 
worked for precious 
metals. I t is a fact 
of some interest that 

, deposits of this char-
' acter were known and 

worked in Nevada at 
the time when our 
mining laws of 1866 
and 1872, apparently 
so little applicable to 
them, were passed. 
The statement made 
by Shamel,f '̂  -^ ":+ 
is probable 

Limestone 

. that 
that 

FIGURE 4.—Sketch plan showing 
Arliona mine. 

Rhyolite 

the geologic relations of the 

instance was known 

^^i^^ '^32Z22Zr3:^ '>^ 
is'obviously incorrect , 

developmental, are so 
uth of the old 

: 

of a vein 
horizontal direction, 

The newer 

223335227^33-^77^ 52 -̂
The throw is gen-

•west, step the l ^ - ^ ^ ^ Z ^ ^ / d Z v l d ^ ^ - ^ ^ ^ V " ^ S 

' workings, which are developmeuu<n, ^.. , . . . 
There are two tuimels, which connect -with extensive explora-

•.j . - . l i s , crosscu 
Although the vein as a wiî xv. 

some structural complications. Faults, striking 
and dipping west, step the vehi down to the west. 

iilly greater at the north, the maximum displacen.v. 
At one place near the south end of the workings there one fault plane that farther north is asso-

• ---I fo„\tiT,sT is along the 

( 

era 

dSd232^3l3^33lz 
. ^w^^ .^^^22 i22323 i : l ^^^ vork. ^m, P. 233. 
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eastern edge of the syncli 
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against the'rhyohte' ' S ' t h l f V i c i l ! ! " ' ? , f ?" 7 " ' " '"'^ ^^"' ^h<r;.y 7iH of drifts. The general country rock is rhyolite, which appeal^ 
and its inclosing limestones are " '^ ' - " '^ ' " " " '^•'^'' '̂ "̂  ' '>'''--- '̂ '̂  ^'veriam by a rhyolitic conglomerate with a steep dip to the 
crushed flpvor? J x *^^''' 'is a rule. di.̂ jf.nrK.:..] in. . * , 3 . 7 . „.,,! afroticrrnnbir.: 
s o m e o f \ i r i . ! " ' ^ , ' ^ " ^ ^ ° " ^ « « ^ t e n t d n 

- - , "^-v.u, uaa to .some extent dr ' ,^ ' f '^ '^«^- ^he v , : ^ ; / ^ ^ , Lower down the canyon and stratigraphically below the 
some of this dragged material b e t . t T .^ " ' " ^•''"" ^^^^ ̂ >^"l>^e -̂ ê volcanic (largely rhyolitic) conglomerates grits and 
crumpled and m some places L S d d " ' ^^ ' ' ^ " ' ' ' ' ' ' ' ' - -"^ ^ 1 ^ ^ limestones. All these rocks were mcluded m the Koipato for-
Jess mass. I „ general, the contacTof tf "^^. '^" ' :^^«^ f« '̂  ̂ <^'^^^' ^^ t ion by the Fortieth ParaUel Survey geologists. The rhyolite is 
and without ^ou..e. Tn n d ? ! ' / ! . ""̂  „*'!" ^« ' " ^"t^^ its wall. ;,- «•.* 3.,, b> a complex north-south basalt dike, and both rhyolite and basalt 

much faulted and sheared along north-south lines. In some 
'mm^cs this zone of disturbance is fully 400 feet wide. _ The general 

• ^ ^ p of the zone appears to be about 70° W., but this is not cleariy 
mo^^^l and it is not known whpt.T.Ar this is the same or greater than 

.Slilie dip of the associated beds. , . , - - , i 
There fc e . , t ^ The ore occurs irregularly as bunches and streaks m this sheared 

and without gouge. I^ the v c n tVof I V ' ' ' ' ^™"^ ' ' ^^* 3 i b> a 
;mestone have shpped past e a r o t W and ' ; ' ' """•^^- — ' ^ ^ - - u c 

the vem disappears and its p l a c e l t n L K '" ^'"'*^ "^ tl=.-.-r.::.^>rJaces f. 
i he normal vem material is sohV) ,'v,-n I - ' ' ^'''"^'' ""̂  Sougf. •- ..,„ of tne zone app«^i« uu u . c . - . . . , . . . . . -

I t generally shows more or less b i n - ^ ^ ^ ' ^ ' " %Iit-gray , , a « s i;,4^^m and it is not known whether this is the same or greater than 
some places is divided by thin d ^ Z ' ' ^ P̂ f̂ ^̂ ^̂  '̂ o '̂ts ^valfs sni : . ? \ ihe dio of the associated beds. . . . . , 
evidpnno r,e „,.-. • •' " evidence of any important r e n l J e n ^ ^ r f , ̂ 'f^^^o""- J'lere L« e t T ^ The ore occurs irregularly as ouncnes aim « t i « a ^ r.. . . . - . „ . . . ™ 
lized m open s,,aces produced bv f i T ' ' " ^ ' ' ' 'i"'""^" '"'-^ '•""•^^ # i n d faulted zone, especially near the basalt, and is for the most part 
one or more bedding planes ^ d Z "'^P^^ation of the l i n i e s t o n / s f e . t ^ . r.nln.,P,ment of the crushed rhyolite by galena, sphalerite, tetra-
separation was effected by 
the deposition of quartz. 

is rare. The recognizable n^a «^„ i-i " n,^......, j » j.u u<n;rwauii .̂-cixj v .̂., ,. ,, a •», 
spl;alerite, and tetrahedrite As T I H ! ' ' ' " ' ' ""'' PJTite, . ^ 1 , ^ ^ ! tons, is an antimony deposit in rhyolite that is one of the flows iti 
larly rich in sulphides, and the tend I r ' l ^ ^ " ' ' ' '^ ""^ P«r lk*%f 'the i o i p a t o . The vem strikes N. 35° W. and dips 75° SW. I t has 
semmation along layers parallel w^h t ? ^ n f '̂' ^""'''''^ '̂̂ ^ ^ ^ M ^ maxhnum width of about a foot, but is irregular. I t is accom-
the gray argentiferous p a r t t l e s e l r ^ ^ ^ '^ ' ' ""'"• " ^ ^ ^ ^ M P-^-ed by some parallel sheetmg and.vemmg of the rhyolite. The 
fractured and A . ^ . > especiallv tvIioT-a+i,„ .__ i . ^%-'^ . •'. . ^., i.-.i. i„ ,.r^+v. i.T^oAranl-o-rhstributed 

324 
lout, butacTOj^g-•ng to Mr. Carmichael. the averam o f a Y. " - ; - - - ' — « ™ » - ..-,-

. . i o . p „ « d face, o f t h e . e i . 2 2 2 Z : ^ 7 i 3 Z ^ ^ 
ounce of gold. 

AttI 
At the south end of the hill, and probably on the same vein 

Arizona, is the Nevada-Union mine wi-..""!̂  — - ' 
T i I •• 

as lis* _— -,.„ .jciiijc iciii as ins 
,v, .a me iNevada-Union mine, which produced about $(}0,WX 

I t has been long abandoned and was not visited. Southeast of ife^ 
Nevada-Union is the Wheeler (formerly the Henning) mine, o-̂  * 
vein which, although in a block of limestone now separated by fauli-
ing and erosion from the beds containing the Arizona vein, was pTW 
bably once continuous with that deposit. ' ^ ' " " " 
alwaj's been under tho aorv," ' 

1 

The site of the former to-wn of Star City, whose history has already 
Heen briefly told, is 6 miles north of Unionville and about 12 miles 
•"Outhwest of Mill City. When visited in 1908 no mining whatever 
was in progress in the canyon, and although the greater part of the 

jl ishehii workings was accessible, very little could be seen of the De Soto 
'' mine, which is south of the Sheba on the opposite side of the ravine. 

The rocks in the immediate vicinity of the inines are rather thin-
bedded gray limestones and tuffaceous sandstones interbedded with 
thin flows of rhyolite and related rocks—the porphyroids of the For-

_^^^^ tieth Parallel Survey reports. These volcanic rocks are considerably 

and produced probably fron Sinn'^"^ ' - ̂  altered and are in places partly schistose, so tha t the original character 
' ^ ', ̂  of some of them is not altogether clear. Most of them are rhyolite or 

ihyohte flow breccia. Some, while containing abundant phenocrysts 
"of alkali feldspar, have no primary quartz and may be trachytes. No 
glass remains in any of these rocks, and quartz, calcite, sericite, and 
chlorite are common as alteration products. This heterogeneous 
assemblage of sediments and flows is overlain, just above the mines, by 

•izona 
r mine ha* 

I t was workA«J 

...^ii viiai aeposit. The Wlieelc 
under the same o-svnership as the Ari 
!S from the surface and produced pn 

to ,S 150,000. 

In Cottonwood Canyon, 3 miles south of Unionville, is the .Manni 
or Pfluger mine, which has been worked in a small way for many y«>arv 
The principal adit is 800 feet long and ccmnocts with several liiindrfNJ 

"Oral statement. 
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the level above the main 

has exca.vn w r „ " 1 ! : ^dd^'dl'^l '""^^tones in which il„ . .n- .^ i^Zel, a distance of about 100 feet- i ^^^^^_ ^^^ ^^^p^^ , , ,den has flvr-n^.ot„.i ""*"^ "̂ '̂ ''.y nmestones m wluch th, ctn-.ia >^niiel a distance oi a u u » - . . . - - .„ ^u„r acter. The stopes NVî i--
m e n : r o : r : i ! T I ^ ^ I ^ T / ^ ^ - •?̂  ^he mmes. Ail „.. . . t . ^ ^ ^ s ' l i m e s t o n e and at ^ - ^ ^ ^ l ^ d d ^ o ^ l e ^ o . ^ becomes more 

T r ^ O20 ta 30 feet, the vein f ^^s, ami ti^ ^ ^ ^ ^^^^^^^ ^.^ ^^^^^^ ,^,, 
on Da<>e"?l "tl,« „K' "T^" ' 'T"" ' ' '™ ' ' ' ' ' ' ^ " ' ' ^*^J ' ' ' ' ' t hough , a, P..:^i iTcr^ular and, as indicated m n« 
: : ^ S : ! t " l , S f ° r , , l ™ ' " r . " - ' ' ' ™ l « * « Shcb, „ ^ 1 . , a , n g to the e . . t . _̂ ^̂ ^̂  ^ ^_^ ĵ___„„i„, .^ver ore consisting, of 

,= ^nniP,sonite, galena, spnaieii , 

the 

of 
TS3373233iS/3:: 
suggest the p L b m r v T H " ° ^ ^ T ' - " ^ ' * ' ' " ^ ' ^^ * ' - « • - ' " - ^ ^ "^^ l̂<l-g t ° ^̂ ^̂  ^^^'- 1 , an anthnonial silver ore consisting or 
rion Tl 1 ™ i , ^ / f ' "°"^ '^ t i«n ^^ith the Koipato fomi.- 7 . ^he Sheba mine produced an ^ntmaom sphalerite, 
tiom^^ Phe general strike of the beds and flows is N. 15° E ! Th .yd: , l i l L quartz carrying ^ ^ ^ ^ ^ C m ^ ^ ^ ^ ^ ^ ^ 

^;miiie 14.5.per cent of silyer_ • ^̂ ^̂  ^^^ ^ ^ , , ^ „ i e d by an 
..;„„ +.I.P. last operation ol tne nuu^ ^^^ ^^ ^^^ ^^^^ ^̂ ,̂ ^̂ ch 

—.,io.,^u Iii piiii/ Ol several distinct lenticular seams of ore tli.it ff;̂ -
lowed certain bedding planes in the limestone or between tlie hn»^-
stone and the• associated grits and volcanic rocks.. In man} phc<s 

these seams were connected h\ a 
network of veinlets across flu lime
stone bedSj and where tlie;e cn^v-
veinlets were abundant the wliole 
mass was stoped as ore. The Innc^ 
stone was the rock most fr.ictnn-\i 
and was the ore bearer. As a rule. 
fissures crossing a bed of liinesfon^ 
end at the plane separating tins W 
from grit or rhyolite. 

The original pay shoots, uhicli 
a b o d b 2^"'b^' '^' ' ramified through an area o^cI 300 

FIGURE 5.-DiagTammatfo section of the Sheba f e e t l o n g f r o m UOrtl l tO SOlltll and 
orebody. a, Limestone; 6, tufl; c,porphyry; a b o u t 2 0 0 f e e t w i d c . Were SOOn C\-
a, ore. ' 

hausted, and after vain attempts to 
find any deep continuation of the ore the Sheba mine was foi a time 
abandoned. About the year 1871, however, it was ascertained tint 
the pay shoots first stoped were connected with a well-defined and 
regular fissure vein. I t was hoped that a new era of prospeiil} nas 
at hand, but after the vein had been worked to an additional depth 
of rather more than IOO feet below the old stopes operations i\crc 
discontinued. So far as is known, there has been no exploration of 
the vein below the main tunnel. The general structural relations of 
the deposit are diagrammatically shown in figure 5. 

The main tunnel has its portal at the bottom of the cam on ind 
runs N. 55° W. for about 800 feet through tuffs and flows to the vein, 
which on this level is in rhyolite. The vein strikes nearly north and 
dips from 65° to 75° W. I t is up to 3 feet wide, consists of solid 
quartz with bunches of sulphides, and has been stoped on this level for 
about 160 feet, but apparently was hero of low grade. Cutting ob
liquely, across tho layers of tuff and volcanic rock, the vein, as shown 

iiic I'l.o pei \,,Dix„ — 
_ During the last operation of the mine the ore was v.u,ii— .-̂  

\ aciial tramway about half a mile down the canyon to the mill, wliic 
"̂  I is equipped with roUs, Iluntingtons, jigs, and concentrating tables. 
" I The De Soto mine, which was worked in 1861 and at various times 
-ft since, is immediately south of the Sheba mine and is on the same zone 
",' of mineralization. There are two tunnels. The upper one, which is 

devious, extends about 600 feet into the hill, measured in a 
;ht line. The lower one, not safely accessible at present, is about 
3et long. The rocks are in general the same as, in the Sheba mine, 

•1 1- ..i^„rr bp.fldina planes and in fractured 

I vciy 
J sti aight line. \.iio IUVIK,̂  „..-, 
-* 000 feet long. The rocks are in general the same as in tne onKu..,. , 
i md the ore, occurs similarly along bedding planes and in fractured 

limestone. Most of the lenses of ore along the bedding planes appear 
to be connected with one or more veins that cut the beds. The bed 

1 — i>„r,n tjtnned for distances up to 100 feet from these trans-
' '-̂ '•̂  '̂̂ -.̂  filled chaii-

I 

I 

Most 
to be connec^v... — 
veins have been stoped 
veise ' ' "" 
nels throug 

for distances up 
branches of the now of the 

have been siopeu lUi ..... 
fissures, which apparently are branches of the now 
v-^,igh which the ore-bearing solutions rose. The ore of tlic 

„ ^K,„ line is similar in mineralogical character to that of the Sheba 
About a mile down the canyon from the Sheba mine, on the soutl 

a quartz vein that cuts black shaly limestone and carri^ 
-1 t̂ ..o Koon run in on the vein, bu t apparen side, is 

nite. A tu 

th 
stib-

e 
artz vtjui viiuv 

nite. A tunnel has been run in on 
deposit was never productive. 

In Bloody Canyon, a mile or two south of the Sheba mine, is another 
stibnite deposit, which has been worked in desultory fashion for many 
years and from which some shipments of good antimony ore have 
been made. ^̂  -""^ "ot visited. 

I t was not visi 

RYEPATCH MINE 

On the west oi-i...-.-
ville and 4 miles east of Kyep 
vine uiiu 1 ... 
which after producing ore 

3,„pe of the Star ^ ' ^ ^ 2 2 1 7 ^ 7 2 : 2 3 2 ^ . 

o Contributions to mil 

http://tli.it
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over $1,000,000 h« . lain i.lle ,„r ,„ore tha,, l « , . „ t j ye,.,», <,n.-,„^f ', •" ' " ^ , C T » m o 7 t h 'aiiScensided hanging wall « * P™*!;;^ Eye-
= r „ M ^ ' ! * ' ' " . = " " ' • " ' - . "•».P.:op».rty 3 sol,, „h,.„, ,..A fc^;^ I „ n u n . ! . continuonsly ««ed . ^ h . u a * . ^̂ _̂ __̂ ^ 

for $80,000, and took its present naihe at the time of that tr 
ansattm 

on the north side of Panther Canyon, in thin-bedded, more or U-&' 
altered limestones supposed to belong to the Star Peak fornnt iCf^i." 

I The Alpha vein itself is mereij 

' ' 3 a I 

the other hand, car 

^ v . K . . _ , the point w' ' ' '• 
with the Alpha fissure 

• • 1 1 . 

HUMBOLDT RANGE. 

ly a fissure tha t bounds the ore on \ 
~- i i .>„u.h nractically 

45 

the 
no 

* 'fflfiige and is not 
^'^atch vein, on 

ried quartz and con-
down to the 3unc-

The workings, comprising several tunnels aml"e^te; ; ; i^ ; ; ; ; , , ; ; - ' f l l ^ ^ ^ ^ X Z ^ i n t where; it ^ w a ^ f i ^ ^ ^ - „ , , , , d had a 

••'•ion 

The metamoiphism, probably due toThe g r -a -n i t l c -Tn t™; ; ; . ; ; /RS f ' t ' ' ' d ^ Z i ^ t n d T ^ y ^ ^ ^ ^ 
Canyon ^referred to on page 31, is not here very conspicuous, co^ 4 ' " ^ ° " ! . t . : Z v indicated in figure 6. The Alpha fissu^ ,̂ ^^^^^^^^^^ 

X^placesthisorewas^;^^-^^^^^^ ^^.^, 

- \ e n lime-
so far as 
lyepatch 

but becomes vein. sisting chiefly of the deyelopment of one or mor^e species of i i C i V ' " " " ' ' V T S 'extTd below the Ryepatch ^^^^^^_ 
mhcates, probably belonging to the amphibole gronp, ,tnd i» s c ^ - . - i ' - — . ^ " ' ^ ^ " ' . i w a r d beyond the A l p ^ l i - u r e ^ ^__^^i„„ 

beds of a wh,te . , e a .n ain.o.t microscop.c scales. . I - i r u e t m r r e g u l a r , -<> ° J X i * - S t S h , the ma)n wor.-'•^'°--!r';,r;ittrb:p-fcntting.he^i<y^p^^^ microscopic 
The structural features of the deposit, which are unusual, niaj 

most easily understood by reference to figure 6. 

.Alpl ia vein 
i mgs, has been run identified at this depth^ 

] i i 5 r = S ^ E 5 i ^ ^ - ^ -
^̂  possibility of consi. 

derable displacement 

or 

Diabase R^^y°li'e 

similar fissures west of the Alpha veiu. 
The vein material of the Ryepatch mine consists of quartz, calcite, 

pyrite, galena, sphalerite, tetrahedrite, and perhaps stephanite and 
argentite. The best ore is said to contain little or no calcite, galena, 
01 sphalerite. No first-class ore was visible in the stopes at the time 

"f VlBlt. 

Ryepatch ve in 

FIGURE 6.—Diagrammatic section of the Ryepatch ore body. 

KLUOKAUO tlAN^ON. 

rite chief interest in ^ 2 ^ 2 2 2 2 ^ 3 ^ ' ' ^ 

-Sii 
The Ryepatch vein, which follows the bedding of the limestone, haj? 

no recognized outcrop. Originally a shaft was sunk on a fault fe-tw "^ 
that showed obscurely along the west side of a little lateral rarirrs Z 
eroded along a decomposed basic dike. (See fig. 6.) At a di'pih fl ' , 
30 to 40 feet ore was found in a bed vein that strikes about N. 15° W. > 
and dips 25° W. On the east this vein is cut off by the fault; on the 
west, at a distance of about 250 feet from the original discovery, it is 
joined by a fissure that strikes N. 25° E., dips 75° SE., and is knowTi 
as the Alpha vein. All of the ore stoped came from the block of 
limestone between the two fissures. This mass is fissured in all dircc- ^ 
tions and much of it is shattered to fragments. The ore, consisting 
of shattered limestone full of bunches and branching stringers of i 
cjuartz and calcite, occurred as great irregular masses bounded in 
part by definite fissures but grading on most sides into country rock. 
The total length of the ore-bearing ground, from north to south, \\as 
about 600 feet and tho total width about 250 feet. 

,c : ° : 7 ; ^ n a b a r t h . t was^ - g p r o ^ ^ ^ ^ ^ ^ ^ „„„3e (8 

, ^ C e s t , . b u t a ? t h e mine they are 

Cinnabar mine is 
I t 
il 

Tuv%«u.uunhe:^^^nityaip> genera 

The ore occurs in a aans. mxiw , ^ 
and has been opened by superficial Star Peak Triassic, 

523y^t33ii52i^^^3^Z3^ 
tha t place. The cm ^ ^ ^ ^ ^ ^ ^ , ^ ^ ^ ^ , , E ' l o S wide, .»<! ^ ' « ' 

;. 

p 

i 

:̂s.̂ 2z:i}22.j<^ ẑZ:23drz:: 
, , U t U e b r a n c h i n . v e , n ^ ^ . - - ' U , fractures, but ;n P - .^ha- ^̂ ^̂  

°^22tl^^i:-,^^:z:z:TXtZ:^2. 
veinlets of cinnabar ramity Y i „ n s shows that this mateinil is cr 

tZZ5''^^2.Z32^^^^-—-''-' 
" !laymunii.,R.,W...Statistto nf mines anitminini^.e.tc:..l(in 1S72..TCimhinip̂ rau, :xr.:.r,.. ia,. 
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but _..^ ^nntt. color suggest also the presence of metacinnaharii 
verification of this supposition is net i--"-^-- '" 
ed a mivfi"—' 
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szr l" ." !—'3, . ;hMS IS n o t 
;!ej<#fith the silver ores and in deposits not containing notable quantities 

2zzy-^ ̂ 2Z2222yy:z::,: practicable in .so fe»\S>i the precious metals. 

pecially under th and contains • "̂ 're 5gS The tendency of the ores to deposit as bonanzas in certain struc-
It is exemphfied by the bed removal of calcnrp!,""^ ^'"^^- ^ " " i d d h T h e T l Z T " " "•''•'''^- ^ • " ' ' ^ l l y favorable places is noteworthy. , 

associated^ -fJ fL ^^°^'^'™'^^ by solution ? considerelMveins of the Humboldt Queen, Arizona, and Wheeler mines and by 
cavities a n ? ^^^^°^^'^^^ P™ bably duet t!?"'^^^°^^''^^'""^'""^l''^^ remarkable ore bodies of the Sheba, De Soto, and Ryepatch 
have not e*̂  ^ settling down of the overlv'" ^ ^"^^^^-^ "'^•''''"'**^™'^®^" ^^ *̂ "̂  connection also may be noted the close physical 

^ ^̂  ^°"- """ '^""''"i^uenf.s reached ihcij-31 iained its size and tenor when followed down into the underlying rocks. 
' The absence of persistent veins at all comparable in ricluiess with the 

masses worked within a short distance of the surface is one of the 

or fissure that "^""'', ^ "^"- The workinj^rSrelation between the character of the ore body and the kind of wall 
iha ^ ^ accepted as a nroMarock and the fact that none of the deposits in the limestone has main-
tne ore censtituents ' • - °** 

Wti, of a : : ; : 7 7 ! ™ - « ™ - . . « . . 

m23m^B§2: 
ryZZZ:i:3/3'^-'i-A.., 

.companv was -<S 

,,,KJOjjtico, apparently in prJ-Tertiary rhyolite. 
being developed in 1908, and a httle rich ore was found gold, associated with 
tetrahedrite _ „ wiuve qi 
also, in 1908, in Black Canyon, when 
of free gold ore in similar ve 
a small influx of miners and speculators 

GENEBAL FEATUBES OF 

^ .OM ore in S ^ S 7 2 Z ' - l l l ! "*"^ » ' , - ™ ,.,ch h„,„;„. 

Ope Canyon, is the 
This was 

containing free 
rnineral rescnihlinf' 

•Prospecting was goinc, on 

S ; : ' ! ^ ^ ^ ^ « ' ^ ^ ^ e n a , I d r 
^te quartz. Prospe, 
where the finding of., 

l l t d " ^ ' " ' ' ' porphyries was cau..in. 

THE ORE 
DEPOSITS 

The 
OF THE HUMBOLDT 

ore 
RANGE. 

deposits of the Humboldt Range, especially of the Star 
Peak Range, have certain common characteristics that mark their 
provincial unity or coherence. They occur in Triassic rocks, espe
cially in the hmestones of the Middle Triassic, Their age is not dcfi-
iiitely known, but inasmuch as they appear to haye been closely 
connected in origin with the folding of the Triassic and Jurassic beds 
it is probable that, like the gold veins of the MnfL -̂" "̂  - ' 
Sierra Nevadn •>--"- ' 
aiiy a n d ' r ° ' " " ^ ^ ' ^ ^ ^ Z ^ ^ ^ ^ « ^ ^ ^ ' ^ ' l 3 : ^ ' i 2 : 

oZ îZZt-"̂ ' — Z'22Z^%Zt2t 

^ ' iather abundant, both 

disappointing features of the region. The bonanzas apparently 
represent continued accurhulation or enrichment, in favorable spots, 
of material that came in through channels insignificant in size or 
unsuited for the precipitation of rich ore. 

PAHUTE RANGE. 

GENERAL FEATURES. 

The range east and south of the Humboldt Range is desig
nated on the Fortieth Parallel Survey maps and on Spurr's" map as 
the Paihute * Range. Although this name is not in common use by 
the inhabitants of the region, it is here retained as a convenient term 
for the entire range, since the various names locally employed apply 
only to parts of the whole. Thus the northern part, east of the 
Humboldt Range, is commonly spoken of as the East Range; farther 
south it is the Table Mountain Range; and still farther south it 
appears on the Land Ofiice maps as the Silver Range or the Stillwater 
Mountains. 

From Humboldt River on the north the Pahute Range extends 
south for 50 miles, past Granite Peak, to the fortieth parallel. Here 
it bends and sweeps southwest for another 50 miles across the course 
of the Humboldt Range, and then again turning south continues 
to the vicinity of Wonder and Fairview, where it merges with other 
mountain groups. 

The rocks of the Pahute Range are generally similar to those of 
the Humboldt Range. The two divisions of the Triassic are well 
represented, and the geologists of the Fortieth Parallel Surve}' have 
mapped some Jurassic beds along the west flank of the north end of 
the uplift. Exposed at several places over considerable areas, notably 
near Granite Peak, are masses of granite rocks, which, although 
referred to the Archean in the Fortieth Parallel Siirvey reports, are 

a BuU. U. S. Oeol. Survey No. 208,1903, PI. I . » Or Pah Ute. 
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at least in part post-Triassic. It is doubtful whether any Archeis^jin Plate 1. 
rocks occur in the range. Large areas, especially southeast of Sp.auB-̂ 1 reported, are so 

Ahout 2^ miles north of it is Copper Kettle, where, it is 
promising copper prospects, and 6 to 7 miles 

-"•"* ^'"'^jecting into the valley west 
ing Pass, north of Sou Springs, and in the vicinity of Table Mountaia.f|farther north, at the en ̂  5 ^ ^̂  magnetite, said to occur ^^^^^"^ 

'333322^3233 ̂ S l « • 

to 

are covered by Tertiary volcanic flows and tuffs. In the course d-:/§oi Chataya 
the present reconnaissance the range was crossed at only two pl:i«s." |̂ 
and.it is consequently impossible to add anything of value to \s-̂h&t?i 
has already been published on the general structure. The Mesozoic|̂  
rocks are much folded and the axes of the folds are not related in any 
regular manner to the topographic axis. As Louderback" lis5-| 
shown, the form of at least a part of the range has a much closer.,,, 
dependence upon late Tertiary faulting than upon the post-Jur.ass!6*ii 
folding. 

The mining districts are more sparse than in the Star Peak Range, 
and the country, especially south of Granite Peak, is less frequented 
and is roamed b}' herds of mustangs or wild horses. At the north 
end, about 10 miles northeast of Mill City and just south of Dun Glca,. 
Peak, is Chafey, formerly Dun Glen, in the Sierra district. Tiptop, 
a new camp that had not attained any importance in 1908, is just 
south of Chafey. South of Natchez Pass is Orofino Canyon, where 
some mining was done thirty to forty years ago, and Rock Hill Can
yon, where are old worked-out placers. . Gold Banks, not visited, is 
apparently situated close to the divide between Grass and Pleasant 
valleys, whether in the Pahute or Sonoma Range was not ascertained. 
It was reported that the camp, after a brief period of activity, had 
become very quiet in 1908. 

In French Boys Canyon, north of Granite Peak, a little prospecting 
is going on in rocks shown on the Fortieth Parallel Survey map as 
Koipato Triassic. They are conspicuously metamorphosed to slates 
and schists, contain abundant epidote, and show very plainly the 
influence of the granitic intrusion to the south. 

Kennedy, at the east base of the range, east of Granite Peak, is 
practically deserted and no work of consequence was in progress in 
1908. 

About 30 miles a little west of south from Kennedy, in Cottonwood 
Canyon near Table Mountain, are nickel and cobalt veins, and a fcw 
miles south of them some copper deposits. - No work was being done 
at any of these in 1908. 

Still farther south; on the west side of the range, is Coppereid, in 
the White Cloud district, where a long crosscut tunnel is being driven 
by the Nevada United Mining Company. The exact position of this 
camp, owing to the general topographic and geologic inaccurac}' of 
the Fortieth Parallel Survey map in its vicinit.y, remains in doubt. 
It is in T. 23 N., R. 34 E.,. and is apparently near the place indicated 

•aMS;;v .y map, probably . u e ^ « . 

T2Zr2iT2i:^32:2.o..''^-^-'-^''' 
Shady Kun. „ ,„ „ , , „ ^ * .«™xcr. 

CHAFEY 

The new town of Chafey, which in the late summer of 1908 was 
rapidly covering the old site of Dun Glen, is 10 miles northeast of 
Mill City and about 20 miles southwest of Winnemucca. After the 
closing of the Auld Lang Syne mine many years ago a little desultory 
work continued near Dun Glen, especially on Munroe Hill, where the 

old near the surface. According to the excellent 
and Scientific Press, referred to on 

page lit, •wnav .. v., dragn 
H. W. Kent in 1905 for $10,000. Under ms ui.^^, 

" '+ i" fl short tuimel, but the discovery appears not 
• •• -•̂ '-'̂  +« Tbarles 

veins caiij/ i^-- b-- M n̂incr and bcientmc x loo.,, 
article by Wisker m the Mimng a^d ^̂  ̂ ^^^^ ^̂ ,̂ 3 bonded 

. l . i . ...„a. irnnwn as tne neuui»& x- , . __ , ._ . .^^.j , that 

carry free 
iVisker in ine J 
lat was known 
Lent in 1905 fo 

assayed well was cut in a short 

U what was known as his direction a vein 

The ground was next bonded to Charles 
sted E. S. Chafey in the prospect, 

money to develop it. 
' the 

to have been followed up. 
Harlowe for $30,000. He interei 
and the latter undertook to raise the necessary mone^ LW V* ^ 
Mr. Chafey began work ahout June, 1908, and by September of ti 
camp, vear is said to have shipped enough ore to purchase the mine 

' • ^—^"-^K^r 1908, it preser same year V . c n t h e c a . n p w a . . ^ . . £ ; P ^ ^ ^ ; ^ ^ ^ ^ ^ ^ ^ ^ 

of Wsk - ' - » 3 : ^ Z 2 3 7 i Z w'ere plying back and forth 

T e e n f h f S w t ; « u - J M « ' « t y ^ „ „ ^ , , „ been 

The ravine «« ^ t r t t r a h d ' ^ s S h w e s t , ' a n d . miles south^t 
between 

in a 
the 

r S f l : ^ ' " = - - i T e l d „ f the line, ,ustsc 

pass through which goes 
?heTergi'"of"the glen is about 4 miles 
T^^^^^^ activity centei. are^all^on 

the P . S , is the Anbum - , ^ t ^ ^ ^ ^ T t i ^ ' - S 
t l d Lakg Syne - ^ - - J ^ ^ . ^ t ^ l ^ d ^ X Chafey's - m e ^ ^ e 

uthwest of the Auld ^^ng ^ ^^o^t half a mile 
locally called the Bl^ck t^o ^^^^^^^ 

the Golden Bell tunnel, boutn .̂ ^ 

« t i r J . r G i e n P e ^ . « -
icca. 1 ue 
t which th 

the southeast side. At the no 

A mile soi 
Mayflower claim 
southwest of this is the VJOIUBH X^^.. 

across a small east-west ravine that opens just below the town 
Chafey, is a spur known as Munroe Hill. Here are many small veins, 

busily at work in 1908. 
o Op. cit., pp. 322-327. 
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The rocks in the vicinity of the inines mentioned were mapped £5 
Star Peak Triassic by the Fortieth Parallel Survey geologists, and 
the few hours spent in the district were not sufficient for criticai 
revision of their stratigraphy. West of the town are dark slaty 
rocks supposed to be Jurassic. Similar slates underlie the town of 
Chafey and occupy most of the bottom of the glen, so that it '\s noi 
clear from a brief examination of the district why the line separating' 
the Jurassic and Triassic on the Fortieth Parallel Survey map should 
have been drawn west of Dun Glen so as to divide rocks so alike in 
general appearance. . 

As the visitor goes east from Chafey and climbs the slope to Inc 
mines, he crosses the strike of the beds and passes first over dark clay 
slates that strike N. 15°,E. and dip 80° W. Lenses of limestone 
apjiear in the slates as the mines are approached, and along ihc 
mineralized zone itself the slate and limestone are succeeded by a 

. belt of altered igneous rocks that are for the most part flows and flow 
breccias more or. less interleaved with the sedimentary rocks. The 
width of this predominantly igneous belt was not ascertained, but 
was reported to be about half a mile. 

The prevalent kinds of igneous rock are rather dark gray and show 
small dull phenocrysts of plagioclase in a fine-grained groundmass 
Many are mottled and suggest squeezed flow breccias; others appear 
to be glassy (vitrophyric) lavas that have been rendered partially 
schistose. The microscope shows that the plagioclase phenocrysts 
are the only original minerals now recognizable. The groundmass LS 
made up of an aggregate of quartz, calcite, sericite, kaolin, and other 
secondary minerals, of w-hich the proportions vary in different flows 
or facies. The rocks represent vitrophyric andesite flows and flow 
breccias that have been folded and compressed with the slates and 
have developed incipient schistosity. Cutting all the rocks mentioned 
are dikes of normal olivine diabase (dolerite) with typical ophitic 
texture. In the diabase the plagioclase and the augite, which is 
brownish red in transmitted light, are fresh, but the olivine is more 
or less serpentinized. These dikes show no evidence of compression 
subsequent to their solidification, and were probably injected after 
the folding. 

The Black Hole workings, which are about 1 mile east of Chafey 
and at over 1,000 feet greater elevation, consisted early in September, 
1908, of a tunnel about 200 feet long, partly on the vein, with stopes 
extending about 25 feet up io the surface. Exploration was in 
progress also through a new incUned shaft, 60 feet deep, with short 
drifts. 

The vein, wliich is of soHd banded quartz up to 6 feet wide, strikes 
N, 50° E. and dips 45° to 50° SE. I t accompanies a diabase dike 
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3 
3 and cuts obliquely across the volcanic flows and associated slates. 
'[.As almost no crosscutting has been done htt le could be learned.of 
f the character of the wall rock. At one place the foot wall is limestone. 

' - — 1 — ^„„.;ta onVi fil Ari te. and native 
LC character of the wall rocK. AU one jjitn.^ ,:,̂ K, 

'I The vein minerals are quartz, galena, pyrite, sphalerite, and native 
'i gold, some of the gold being partly embedded in the galena. The 

--L-1-1"—^"+n'T,a n ornnd deal of silver; accc 

A 
% gold, some of the gold oeing parwj ciiii.̂ cviv.v,v* — ^ 
; | gold seen is pale and probably contains a good deal of silver; according 
i lo Mr. Chafey the ratio of silver to gold in the ore is generally as 2 to 1, 

' I l)y weight. The richest ore occurred in the oxidized part of the vein, 
•J but this is very superficial. A short distance northeast of the Black 
,1 I [ole tunnel the vein passes into one of the andesite flows and splits 
1 up into a zone of stringers. At one place an open cut shows such a 

zone over 16 feet wide, with slate on the foot wall. The richest ore 
" I from the Black Hole is hauled to MAI City and shipped. The lower 
J grades are treated (1908) in an old 3-stamp mill at Chafey. 

3 The Golden Bell tunnel, about 600 feet long, follows a regular vein, 
-| with an average width of approximately 4 feet. I t resembles the 
A vein at the Black Hole workings and is presumably the same, although 
' i no accompanying dike was noted. The foot-wall rock was not ex-no accompanying diKe was noheu. xuc v̂̂ v... 

posed at the time of visit, but the hanging wall is altered andesitic flow 
breccia. Some stopes have been opened above the tunnel and evi
dently some ore was shipped or milled. No work, however, was in 
progress in 1908. 

I The veins of Munroe Hill strike nearly north and south and are 
I almost vertical. They are in partly schistose andesite and andesitic 
J flow breccia, and one of them, at least, accompanies a diabase dike. 
j The entire zone of veins is at least 300 feet wide and appears to repre-
I sent a southern extension and splitting up of the vein worked at the 
1 Black Hole. At the Bishop lea,se on the May Muller claim some high-
1 grade ore was being taken in 1908 from a vein on the east side of the 
I zone. The vein is from 1 to 2 feet wide, Strikes north, and dips 80 ° E. 
I I t has a diabase dike along the hanging-wall side. The ore, which 
I was being taken from an open cut near the top of the hill, was oxidized 
I. and contained free gold, with probably halogen compounds of silver. 

A blue-green material occurring as specks in the ore and supposed by 
the miners to be bromide of silver proves to be chrysocolla. At 
another lease, distinct from the former, although known as the Bishop 
&, Co. lease, a tunnel was being driven on the north side of the hill to 
cut some ore discovered above, and at many, other places on the 
Munroe Hill lessees were sinking shafts or beginning tunnels. The 

. ore thus far found on the hill occurs near the surface and is probably 
considerably richer in gold than tha t below the limit of oxidation. 

The Auld Lang Syne mine was worked through three tunnels down 
to water level, and the quantity of material on the dumps and at the 
site of the old null about a mile above Chafey indicates that large and 
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productive stopes were opened. Where the stopes come to the sur-, 
face an excellent section of the vein is exposed, wliich is illustrated 
in figure 7. . 

The vein zone is about 100 feet wide and contains a number of ' 
nearly parallel quartz veins and stringers, separated by sflicified 
andesite. The strike of the lode is N. 5° W. and it dips, as a whole, 
65° E. On the hanging-wall side is a regular diabase dike 25 feet 
wide. The principal vein stoped is, as shown in figure 7, near the 
hanging waU of fhe zone. This dike, notwithstanding its proximity 
to the veins, is not generally altered and contains considerable olivine 
that has escaped serpentinization. The principal mineralogical 
change in the andesite, as elsewhere in this district, is the develojv 
ment of secondary quartz and sericite, the resulting rock outcropping 
and weathering much like a hard siliceous.rhyohte. 

The mine being quite deserted, I was able to procure no informa
tion concerning the character of the Auld Lang Syne ore. Some of 
the material last thrown out on the dump shows much arsenopyrite, 

with some pyrite arranged 
in depositional bands in 
quartz. 

Some of the veins near 
Chafey appear to be un
usually persistent and reg
ular. That they become 
lean within a moderate dis
tance of the surface is 
suggested by all that can. 

be learned of the history of the district; but one looking at the 
croppings of the Auld Lang Syne vein and at the work accomplished 
there finds it diflicult to believe that the old mine will not some day 
be reopened, especially as its nearness to the raflroad gives it and 
other mines in Dun Glen a great advantage over many in Humboldt 
County—as, for example, those at Kennedy, next to be described. 

KENNEDY. 

The almost deserted town of Kennedy lies at the east base of 
Granite (or Cinnabar) Mountain, about 30 miles by road southeast of 
Union-ville and about 45 miles from the railroad at MiU City. 

The. distribution of the rocks in this vicinity is rather different 
from that represented on the Fortieth Parallel Survey map. The 
"g ran i t e" of Granite Mountain, supposed by the early geologic 
explorers to be Archean, is, at least locally, a diorite and is intrusive 
into Triassic rocks. I ts outline, therefore, is undoubtedly much more 
irregular than they supposed. The bottom of the canyon from the 

IOO TEET 

FIGURE 7.—Sketch section of the Auld Lang Syne vein zone. 
a, Silicified andesite; 6, diabase; c, vein, stoped to surface; 
d, vein; e, slates. 
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and the 

the vicinity of Kennedy 
rock, appears to - ^ ^ ^ ^ i ^ ^ Z I Z ^ Survey map. On the other 
than is shown on the of Kennedy, sho^vn as "gramte 

I 

hand, the hills directly southwest oi xvc^ ^ , 
are for some miles in that direction made up of altered pre-Tertiary 
(probably Triassic) volcaiiic rocks, -with perhaps some sedimentary 

beds. 
The diorite in the -vicinity of Kennedy is, as usual in such intrusive 

bodies, not altogether uniform, and it is possible that much of the 
Granite Mountain stock may he granodiorite or some quartz-bearing 
granular rock near that type." The rock in the pass west of Kennedy 
appears to he fairly representative of so much of the mass as was 

at close range. This is a bright gray, medium-grained rock 
abundant hornblende and biotite in a feldspathic base whose 

-i .̂ iio+inrt, to the naked eye. As seen in 

seen 
sho-wing 

hand specimens, the diorite is 
shows that the feldspars 

The microscope 
lottled inte 
rhole formiii 
ilende is abi 

are more or x̂ ,.,., ^ 
Both these minerals are intergro%vn 

individual crystals are not distinct to 
' ' '~'^'- '= not noticeably quartzose. 

irs are mainly oligoclase and 

tergrowtns ui y,xx̂ „̂ albite Avith orthoclase, the 
ing a rather intricately interlocking mosaic. Green hom-
,bundant, and the larger individuals as a rule inclose and 

• '- „,„„ -with augite that is pale green in tliin 

section, LJOUI UIICO<.. ... vnth biotite and with 
magnetite, apatite, and titanite. A noteworthy feature of the 
diorite is the generally alkalic nature of the feldspars in association 
with rather abundant augite, hornblende, and apatite in a rock free 
from quartz. I t is probably near monzonite in composition, and 
a chemical analysis would doubtless show less hme and more alkalies 

than in typical diorite. 
The principal mine near Kennedy is the Gold Note, credited with 

a production of $60,000 to $70,000, bu t now idle, like all others in 
the district, where the only active industry in 1908 was the catcliing 
of -wild horses for sliipment to Oregon. I t is situated on the soutl 

about a mile west of town, and is opened by twc 
••" "'1^1- r u n s S. 33° W ' ' 

W. ant 
The geneiii 

* "̂  ̂ zr'zzz/yi^^^y^ -° ̂ - - '̂  
tal. Tl 

d ips25: ' ^^V'^^^ '^r^ lu^rwhich is intruded rather irregulariy 

crosscut tui 
p ower aiiu inu.*" •*— ., -KT n-I t cuts the vein, which strikes N . 6o 

about 700 feet long, i t cuis uie vci*x, 
dips 25° (or less) S., about 375 feet from the portal 
country rock is rhyolite, which is intruded rather irregularly b 

'":es of basalt. The rhyolite apparently forms tlii 
flows, and the vein ^ ---* ..f + - • <• " 

ic planes ir 
rhyohte in some p 

strai sheets and dikes of " ^ ^ ^ J ^ l ; i : Z Z . x Z i ^ ^ . followed : 

flows, and the . - ^ - ^ of rlyolit ic lavas. Associated ^ •̂lth tl 

^ d ^ ^ d d Z d d ^ ^ r ^ - ^ - ^ is o d o r k g r e e n ^ 
ay rod 

o Hague (U. S. Geol. Expl. 4nth Par., vol. 2,1877, p. 691) Indeed describes the crystalline granitic roc 
- ot Granite Mountain as made up chiefly 6( quarts and orthoclase, with scarcely any mica or homijlci 

(alaskite of Spurr). This suggests greater variation In the character of the rock than •was evident (r 
my own brief and limited observations. 
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evidently much altered, which was at first supposed to be meta
morphosed limestone. The microscope shows, however, that it is 
an altered volcanic rock, probably andesite, and is composed eliiefly 
of chlorite, calcite, and secondary quartz. 

The basalt is a partly glassy, ordinary variety, in which some ser-
pentinous material suggests the former presence of -a small propor- • 
tion of olivine. Its appearance under the microscope is that of an 
extrusive rock, whereas its relations underground indicate at lea.st 
some intrusion. Clearly it was not intruded at any great depth. 

Tlie vein is from 1 to 3 feet wide and is composed generally of 
quartz and abundant pyrite. Associated with these minerals in the 
parts of the vein stoped are galena, sphalerite, tetrahedrite, an<i n 
little chalcopyrite. Along most of its course the vein is in rhyolite, 
but in some places it traverses basalt. 

From the main adit drifts have been run .in opposite direction.';. 
The west drift, apparently not very productive, follows the vein for 
about 90 feet to a zone of faulting that steps the gently inclined 
vein doNvn below the level of the drift. These faults strike N. 20° W., 
dip west, and are normal. The first one drops the vein about 4 feet, 
and the second, 6 feet farther along the drift, carries the western 
continuation of the vein out of sight. Along the east drift the 
vein, at first in rhyolite, passes into basalt, becomes rather irregular, 
and at about 120 feet from the tunnel splits into two branches that 
diverge at a small angle. The north branch contains only bunches 
of ore. The south branch, which passes into rhyolite, has been 
stoped at intervals and apparently contained the principal ore 
bodies of the mine. At a distance of 500 feet from the adit the two 
branches of the vein are about 100 feet apart. 

There was no one at hand in 1908 to give information about the 
mode of occurrence of the ore in the abandoned stopes, but it may be 
surmised that the pyritic parts of the vein are of low grade and that 
the richer ore is bunchy, difficult to mine on account of the low dip 
of the vein, and not amenable to treatment in ordinary mills. 

The Borlasca mine hes southeast of the Gold Note and is apparently 
on the same vein or vein zone. The worldngs, which have not been 
productive, are all in the oxidized part of the vein and are shaUow: 
The vein material is eliiefly quartz and specular hematite, and as the 
unoxidized vein in the Gold'.Note mine is eliiefly quartz and pyrite 
it is probable tha t the specularite was derived from the pyrite by 
weathering, although unfortunately the present workings afford no 
opportunity for observing the actual passage from pyrite to specu
larite; 
" In the bottom of the canyon, about half a mile above Kennedy, is 
the abandoned Hidden Treasure or K. and B. mine, in a rather basic 
facies of the diorite. An open cut exposes two veins about IS inches 

wide separated by a foot or two oi decomposed diorite. The veins 
strike northwest and dip about 50° SW. The vein material, as indi
cated by the dump of the closed main tunnel, contains very abundant 

i pyrite aud some sphalerite, -with a subordinate quantity of quartz 

I and calcite. 
' Half a mile north of Kennedy is the Imperial mine, wliich is credited 

with a production of about $10,000. I t was not visited, but is said 
, to be in the diorite and to have yielded lead-silver ore containing some 
gold. Some specimens of galena seen in Kennedy were stated to have 
come from this mine. , Attempts were made to work this ore in a 
20-stamp plate-amalgamation mill with cyanide tanks, now owned 
by the Borlasca Company. This and the various smaller mills in the 
district appear to have been designed without any regard whatever 
to the character of the. ores to be treated. 

NICKEL AND COBALT DEPOSITS OF COTTONWOOD CANY'ON. 

From Kennedy to Boyer's ranch at the mouth of Cottonwood 
Canyon the distance by rOad is about 30 miles." The usual route is 
through Pleasant Valley past the volcanic Sou Hills and Sou Springs, 
the latter being about halfway in the journey. These springs con
sist of six or seven circular pools, 40 to 50 feet in diameter, with fun
nel-shaped bottoms, distributed along the crest of a calcareous tufa 
mound that rises from 50 to 60 feet above the allu-num of the valley. 
The pools differ in temperature, some being cold and some at about 
85° C. A description of these springs -svdth a good illustration (look
ing south toward Boyer's ranch) and some chemical analyses are 
given hy Hague.* From Sou Springs south the road sldrts the east 
face of the Stillwater Kange, wluch is here very precipitous and is 
notched by narrow ra-vines, many of which have not cut down to the 

' main valley, but have built up high-angle alluvial cones at their 
mouths. The rocks in this part of the range appear to be mainly 
Triassic (Star Peak) hmestones cut by masses of some light-colored 

intrusive rock. 
The topography and geology in the -vicinity of Cottonwood Canyon 

are very inadequately represented on the Fortieth Parallel Survey 
map, which shows the Triassic rocks ending at the canyon, with 

. Tertiary rhyohte south of them, all being capped to the west by basalt. 
The canyon for about half a mile from its mouth is cut through 

dark-gray and reddish indurated clay shales, overlain by gray lime
stone, and this in turn by several hundred feet of light-colored thin-
bedded quartzite. All three rocks are intricately intruded and con
torted by tongues, dikes, and irregular masses of dioritic rock, whose 

o Boyer postHjIT.ce is on most maps ol Nevada erroneously placed at the south end ot the great salt playo 

ot Osabb (Dixie) Valley, whereas it is really north of It. 

<> U. S. Oeol. Expl. 40th Par., vol. 2,1877, pp. 704-705, PI. X X . 
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sulpharsenides of nickel. The residual kernels of sulpharsenidc are 
veined and coated with a bright green hydrous nickel arsenate, prob.i-
bly annabergite, as determined by Mr. Schaller. This constitutes 
most of the ore. No quartz or other distinctive gangue mineral wis 
noted in the veinlets. The nickel minerals are not confined to the 
major fissures, but have penetrated the rock in their vicinity for 
several inches along joints and microscopic cracks, forming a low-
grade ore which the company has attempted to treat by leaching with 
sulphuric acid. 

The Lovelock mine, about half a mile west of the Nickel mine, is 
reported to have shipped a total of about 500 tons of high-grade nickol-
cobalt ore, but has long been idle. The workings comprise a labyrinth 
of superficial burrowings, by which the miners have followed or 
sought for the small erratic veinlets of ore, and a precarious shaft that 
no attempt was made to explore. This shaft is said to have been 
sunk to water and to be connected with exploratory drifts just abo\e 
the water level. I t apparently is not much more than 100 feet deep 
The country rock is altered andesite like that at the Nickel mine. 
No diorite was seen, b.ut it would probably be cut in deep workings 

The seams or veinlets of ore run in practically all directions anc! 
have no definite walls. The ore, all of which is partly or wholly 
oxidized, is more complex than that of the Nickel mine and contains 
copper and cobalt as well as nickel. The minerals recognized ure 
tetrahedrite, erythrite (cobalt bloom), azurite, and green crusts that 
according to Mr. Schaller contain copper and nickel arsenates and 
sulphates and consequently may be a mixture of annabergite and 
brochantite. 

A few miles south of Cottonwood Canyon, high on the east slope 
of the range, is a copper prospect which is now known as the Treas
ure Box, but which appears to have formerly been called the Boll 
Mare or Cornish mine. The ore, in the form of pyrite and chalcopi -
rite, is disseminated through andesitic tuff in the lower part of the 
Tertiary volcanic series. This impregnation extends through a bpli 
at least a mile long and several hunjiretl yarths ^<ie , which trends 
about N. 7 0 ' E . The most abundant sulphide is pyrite, the chalcop} -
rite occurring only here and there in bunches. The pyritization is by 
no means uniform and fades out indefinitely into the surroundint' 
rock. Apparently there is no vein and no inaster fissure whence the 
minerahzation has emanated. 

At the east end of the deposit some oxidized copper ore has been 
taken from open cuts and a shaft has been sunk, apparently irilhout 
the discovery of workable ore. A water-jacket furnace was erected 
at this place, the highest point at which the deposit outcrops, but 
was never used. Two tunnels, one of them about 400 feet long, have 
been run near the west end of the pyritic zone. 

PAHUTE BANGE. 

COPPEKEID. 

of the 
Coppereid, in the White Cloucl aisi.in;u, v/x̂  

"" was the most southern locality visited in the course 
The only work in progress in 1908 was by the 

driving a tunnel into the 

-itihwater Range, 
of the reconnaissance. —- .. i,:„u ia 

3ZZi^^S^l^'^32:o7.u^^^^.^»oi.-. 
above the valley ofCarson Smk.^ ^ narrow, steep gorge cut through a 

Farther up 
as 

.rhe lower part of the canyon is 
moderately coarse, slightly micaceous g: 
of granite porphyry and by a few of diorite porphyry. Fartiiev i. 
tho granite appears to grade into granite porphyry (although this w 
not established with certainty) and the porphyry is succeeded to the 

4 east by a series of limestones and calcareous shales,-with a few beds of 
into which it is plainly intrusive. 

' - the east by volcanic flows and tuffs 
, gypsum; 
I These . 
: that form the crest of the range 

These sediments are overlain to tne east, uj ,^ . 
" the range, although on the Fortieth Parallel 

; Survey map this is represented as being made up of the Star Peak 
.n_ „„„ Vnnivn from the sedimentary rocks in White 

I Triassic i 4.HCIOOXV.. No fossils are kno-wn from u^v, „., 
' I Cloud Canyon, but they are presumably M d d l e Triassic. They are 
'J metamorphosed by the granite porphyry intrusion, the purer lime-
'1 stones being marmorized and others being altered throughout by the 
I development of garnet, epidote, fluorite, quartz, axinite, specularite, 

y, and metaUic sulphides. 
I The worlrings of the Nevada United Mining Company comprise a 
'" main crosscut tunnel near the bottom of the canyon. The course of 
4 this is S. 37° E., and its length at the time of visit was 2,000 feet. 
s On the steep hillside above the tunnel are old shaUow w^orkings that 
> were operated about fifteen years ago for oxidized copper ore, which 

was reduced in a small smelter at the mouth of the canyon. Still 
higher, about 850 feet vertically above the main tunnel, are two tun-

the Twin tunnels. Both are at the same elevation, 
' "nvW in the same general 

^ 

ra 'CeTeir-porUls nea . ^ ^ ' ^ } ^ . 2 3 ^ i 2 l r i t e e..plore the 
nels known as 

I direction, so that they apparently represent an , 
J ground with as much labor as possible. One of these penetrates 

' I the hiU for 700 feet. 
' 2 . About 350 feet above these tunnels is the summit of the ridge 
*P.̂ , separating White Cloud Canyon from the next ravine to the south. 
„|.-̂ ^ Here is a large outcrop of specularite, which carries in places a httle 
' ^ \ oxidized copper ore. There is probably from 100,000 to 200,000 
k^^ tons.of this material actually exposed-.-on the hilltop and in the shal-
3 low exploratory workings that have been run into the mass. Much 

of i t is practically pure specularite, ranging in texture from soft, 
elike varieties to coarsely fohated kinds. The copper is 

ly distributed through some parts of the iron ore as 
greasy, rouge 
rather spanngl; 

."' I 
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rido-e Tl ^^^ *̂ *̂̂  several of these masses of iron . Q u a k i n g so much water from the face (1,250,000 gallons in twouty-
nc;on,.;„+ I y P P ^ ^ r to occur as pods, len.sps o^.i ;„ i , ,. ^Jeur hours) that work had been temporarily suspended. Prior to 
m i ^ l l d j f : ^'^^^^«-b^« fl-ntS and d S ^ J ^ d Z Z d ^ ' * P P - g this water the tumiel passed tJirough a n i L b e r of small fis-
The masses « ; ^ s ^ ' f •'^'' ' ' ' ' ' ^"^' ^'««t *^"d dips a y ^ d ^ l W ^ ' ' ^ «^"7ing some chalcopyrite, and about 100 feet from the face, 
west the zone whinh J ^^^ ^^P ^^ various directions On ihiW'^^^^'^^^ ^^ ^ - ^^^'^' ^®^^ tlirough 3 feet of vein material contaimng 
this rock witl' tl ^̂  ^" hmestone, ends at the intrusive c t ,, fi'^^'^lcopyrite and pyrrhotite. 
great hematite o d t d l T o n i d r ! ' ^ ! i t " ^ ^"^^^^^ yards ' f rofT . ia ^ ^ \ conclusion reached f i jm the short examination made of the 

The Twin t l ^ ^ ridge. flmam tunnel and the old workmgs, supplemented by a general survey 
titp r,r. +1, -1 ? ^ were run under the suDnosifir^T, +i,„<. ii . J°f the surface, is tha t all the workings are in a zone of pronounced 
cne on the ndge IS the <)-nq«fir> r,f ^i^P"®"ion that the hcnia-,1 , : , , . . , , . , - , 1 u J: i i i - i i 
Iiffin ^^.; I- I gossan ot a great vein T L „ , ^ . , S contact metamorphism, within which bunches or lean sulphides and 
nu ie oxidized ore consislmo- .̂ f 3 " vein, i n e y penetrated aia j; , . t - 2 u x. ..- u i- ^ -x. ,. i 
calri^A ,̂..1 1 n "-'"^^*''®"ng of chrysocolla sopmi!„,.,•+ r • .ffof specular iron of irregular shape are rather erratically distributed. 

^23Z^3 '2z^z ( !332^3 iZ7 :a2 . ,h„w. ,.y,..i.„/y *» for̂  tuck poJo. w,«, 
The I 

m the positions could be calculated for depths far below their outcrops. 

ture is very indistinct. 

specularite comparable d i t H T ^"'""Sl indefinite outline, rather than distinct and persistent veins-of which 

stone Cfl ' ,, If Thus deep crosscutting involves more than the usual hazard of such 
y b ni'i i i j j mode of exploration. While one would be rash to assert that no 

profitable vein will be cut in the tunnel, there is nothing on the surface 
or in the old workings that demonstrates the existence of any but 

lZf:2222dIy3'^'-z.,^'-., 
bunehes of speeuLrite ° . ' ' ° ' ' . ° ' ^ » " " ™ ' i - e , " ".wici, Ul speculante and in nUZî a ^ i. —-^-^"^^^ uanymg small j i 

^ beds appea. to strike I S f i ^ : ^ ! = ^ ^ ^ ^ ^ ^ - f and dip northeast, but the sf,n.c-i 
At 400 feet from the portal 

a crosscut wa.? ia 
was run north to a b roa7" .onT ' T ' ' ^' ' ' '^* ^^^ ^^'^ 3 ^ branch | ' ^ " i t ' ' " " 1 ^ " ' 3 3 " r ^ " " ^ " " " " " 'T""^" ' ; ' ' %""" , . ,- , 
impregnated with slighS^ e i ^ ^ e m a j o r i z e d limestone heainlv I ^ d ^"^'^^ ^ ^ ^^^ ?^ primary ore thus ar foun^, c o n s i s t m ^ f 
abundant as to form lear iv s n S ^^ '*" - ^^ P̂ <̂̂ «« tbis is so I ^ ^ ' ' ^ ^ 7 ' ' ^ ' , ^ ^ ^ f ^ f y d ^ ' ^ ^ ^ ^ T ^ ^ ' ^ ' ' . ' ^ / f ' ^ ^ ^ 
ynno+L i . "^aiiy solid masses. Th7<a i=, ,.^^,.1, ui î .,g expected m deposits ot contact-metamorphic type. Ihe old stopes 
^^^Lo^-T'"'̂ '̂̂ '''''̂ '̂ ^<^^^£^^^ *^^ ^"rf '̂̂ '̂ f^«°^ ^^^^^ «^« ^^^ ^^'•^^^^^ obtamed for the 

oiiT.fo„„ .ce.t ^̂  Some of the oxidized copper ore wa ' i '^"' *i smelter at the mouth of the canyon, show, considerable migration 
There is no rnp^,^r,,-„„i-i • '',"'^1 and concentration of oxidized copper pre, and solutions that extracted 

1 their copper from lean sulphides (or possibly from sulphides previ-
•| ously enriched) have deposited chrysocolla by direct replacement of 
; | crystalline limestone. The steps of this process, from narrow vein-

the surface fifteen years" a d ^ d h T ^ - ' ' ' ° ^ P ' ' ° ' " ^^^ °^^^^' "««•" 
pyrite has formed in the hmestone by i'-^' '° recognizable vein; the 
IS Withoilf. rIflflr„V„ U . , . / " y without definite b o u n 7 a ; L : ^ " " B e ; L T t r e T * " , " ^ ^ ^ ^ ™ ^ " ^ ""^ 
cut continues for 400 feet thvn.,rrii / 3 , ^'"^'^^b the east cress-
stone, - i t h m a n y o p e n t e ^ t S t S ^ ^ f '^"^ ^^^^^^-l b-nio-
The material suggests active X m f b ""^^ «°^t, earthy limonite. 
turn of cavitiesfand the s u b s « ^ i r ^ ' ^ ' T ^'"'«^^' '̂ ^̂  
- t o a mass of coarse, a n g l ' r S e " " ' " " ^ ' * '^ ^^^^™«- - ^ -

- : \ S l : S i J - 1 ^ ^ ^ ^ aark hme-

dense siliceous hornstone,. ^ ^ 2 5 1 \ ^3""^ ^^^"^ converted into 
carrying calcite, a x i n i t T S D S ! ^ V """̂  ' ' ' ^*^^ ""^^^^ small veinlets 
someplaces they 'conta in ;ouSoren^^^^^^ ' " ' .cbaicop3.ite. In 
m diameter, which when broken o n l f l ^ concretions up to 6 inches 
a kernel of sihcates, quartz c l r ^ ^ r ' ' ' ^ ^ " ^ " ^^^"^^-'^ "'«' 
and sphalerite. Ax^ong the s i l t « / ^ ^ 7 Py^bot i te , chalcop^-nte. 
grains thickly embedded t o ^ f T ^ ^ 'P'^'^*"' ^^ «bort prisms and 

ated with b r i b e s of t X t ^ t i r : f""'^"*- '^ ^̂  - - ' -
Identified but may be an a m S i i b r p "^^* ^^^« "ot been certainly 
^, According to a i t t e r C t J o ^ T A e ^ , *^^-«^-*-
tbe tunnel on W i , 18, 1909, w t I ' ^ t e T n ^ g r L r : 

lets of chrysocolla widened by replacement, through rounded kernels 
of limestone inclosed in the copper silicate, to solid masses of the 
latter, are beautifully sho-wn in the old stopes. 

The occurrence of great masses of specularite on the top of the 
ridge and of large bodies of pyrite far below in the main tunnel sug
gested at first that the specularite was derived from pyrite by oxida
tion. Specularite is present, however, although not so far as knowm 

•^ in large masses, in the lower tunnel, where it has crystaUized with 
"I sulphides and garnet as a primary contact mineral. No material 
, | could be found that showed the passage of sulphides into specularite, 
* and the.evidence at this locality, while not conclusive, rather favors 
3. the view that ah of the specularite is of direct contact-metamorphic 
•,' origm." 

<• since this was writtea considerable masses of specularite intimately associated with pyrite have 
been cut in the tuimel 2,800 feet from the portal and about 1,000 feet below the surface. This places 
the contact-metamorphic origin of the specularite beyond reasonable doubt. 



^<yZ • ' : ' ' • 
* • / ' 

•• • " » * ' . • * • • 

'• -',. *., 'V ' 

. 1 . « • 

/" 
*,/ 

^ t 

* I 

- I, 

. J 

2 

• 

I, 
' 1 ! 

3'' ' 

H'' 

H. 

62 MINING DISTRICTS IN HUMBOLDT COUNTY, NEVADA. 

SONOMA RANGE. 

The Gold Run district, in which the most important property î  
the Adelaide mine, 11 miles nearly due south of Golconda, is on th^ 
east slope of the northern part of the Sonoma Range." The rocl^ 
of this part of the range are generally similar to those of the Pahuttf 
and Humboldt ranges. . No at tempt was made in this reconnaissanc^ 
to study their lithology of structure, except at the Adelaide mine I 
where they have been mapped as Star Peak Triassic by the geolo4 
gists of the Fortieth Parallel Survey. -i 
- The district was organized in 1866. Development apparently was ^ 
, slow, for in 1870 the principal shaft, the Golconda, was only 80 feet • 
deep. South of this were the Cumberland, 50 feet deep, and the 
Jefferson, with still shallower workings. There were some small 
mills in the district, and desultory at tempts were made to work the 
partly oxidized ores up to about 1897, when the Glasgow and Western 
Exploration Company acquired tbe mines and 15 claims along tho 
ore-bearing zone. This company built 12 miles of narrow-gage rail
way from Golconda to the mine and erected a smelter and concentrat
ing mill at the junction of its road with the Southern Pacific Rail
road. This plant, consisting of two roasting furnaces and three rever-
beratory smelting furnaces, with the ordinary arrangement of crushing 
and concentrating machinery, was operated for a time on ores from 
Battle Mountain and from Adelaide, and some mat te was shipped. 
The process, however, proved unsuited to the Adelaide pre and was 
abandoned.. A few years ago the mill was remodeled and 120 con
centrating tubes of the Macquisten type were installed. An inter
esting description of this remarkable plant has been given by W. R. 
Ingalls,* and from this the reader may obtain some idea of the 
ingenuity, simplicity, and effectiveness of this novel process, in which 
the heavy sulphides are floated off whfle the gangue minerals sink. 
Some improvements in the first installa-tion were in contemplation 
in 1908, and the mill was in use by Mr. Jilacquisten solely for experi
mental purpose. I ts total capacity was given as 120 tons in twenty-
four hours. I t produced when in full operation a 20 per cent con
centrate from 2.7 per cent copper ore, leaving about 0.2 per cent in 
the tailings. The weakest point in the process appears to be in the 
relatively low recovery from the slimes. 

The main shaft of the Adelaide mine, 300 feet deep, is situated on 
the south side of Gold Run Creek, close^ to the site of the old settle
ment of Cumberland. The general country rock is dark calcareous 
slate, within which is a layer or series of beds of limestone from 50 
to 75 feet in total thickness. Tliis bed strikes north and dips 65° E. 

a The Havailah Range of the Fortieth Parallel Survey reports. 
6 Concentration upside down: Eng. and Min. Jour., vol. 84, 1907, pp, 765-770, 
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0 Ore deposits of the Velardena district, Mexico: Econ. Geology, vol. 3,1908, p. 
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This limestone layer carries the ore, which in some places occupies 
the full width from one slate wall to the other, although as a rule the 
zone contains horses of altered limestone that is nearly free from sul- 5 y. 
pliides. The ore body is undoubtedly large and has been extensively 
stoped above the 100-foot level for 400 feet without any indication 
of a diminution in size. Below this level, wliich is approximately at 
the bottom of the zone of partial oxidation, exploratory drifts have 
been run at vertical intervals of about 50 feet, reveahng abundant 
ore. The bottom level was under water at the time of visit. 

The ore is a metasomatic replacement of the limestone and consists 
of pyrrhotite, chalcopyrite, sphalerite, and a httle galena, in a gangue 
•of garnet, vesuvianite, diopside, calcite, orthoclase, and a very little 

•u. quartz. Common pyrite is probably not altogether absent, although 
it does not appear in the specimens of ore collected. The presence of 
orthoclase is uncommon in tliis mineralogic association, but adularia 

>»' has been noted by Spurr and Garrey " in the altered limestones of the 
< Velardena contact zone. At Adelaide the orthoclase is poikihtic and 

' *" contains inclusions of vesuvianite, garnet, diopside, and quartz. 
S» The ore is definitely bounded only where it is in contact with the 

slates. Elsewhere it merges gradually and irregularly into Ume-
* stone containing silicates but very little of the sulpliide constituents. 

A banding of the limestone, due to alternations of silicate and calcite 
layers, is common, particularly near the ore, and the bands in places 
are contorted and crumpled. As a whole the ore is of low grade, 
averaging about 3 per cent of copper; but the quanti ty available 
appears to be large, and the difficulties in the way of its successful 
concentration and treatment will probably soon be overcome. 

The present workings do not afford much evidence of secondary 
enrichment. The old stopes between the lOO-foot level and the sur
face were in mixed sulphide and oxidized ore, but whether chalcocite 
was present in quantity is not known. 

About 600 feet north of the main shaft, on the opposite side of tne 
little creek, is a tunnel that runs north in the ore zone for 2,000 feet. 
For a distance of 500 to 600 feet from the portal the tunnel is in ore. 
Beyond this the limestone zone is generally lean or barren, although 
there are a few bunches of ore near the face and some stopes above 
the tunnel were formerly worked from a now abandoned shaft on the 
hilltop. 

A notable feature of the Adelaide ore bodies, in view of the fact that 
the nearest area of eruptive rock (mapped as granite on the Fortieth 
Parallel Survey map) is fully a mile east of thb mine, is their close 
correspondence to ores of typical contact-metamorpliic deposits. 
The granitic rock Avas not examined in 1908. For at least a quarter 
of a mile east of the mine the rocks are dark clay slates alternating 

l r 
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with thin-bedded limestones. All are much crumpled but inain-
tiiin a generally east dip and are on the whole much less metamor
phosed than the limestone beds 'in which the ore occurs. I t is prol>-
able that an intrusive mass underlies the sedimentary rocks at the 
Adelaide mine, and that the hot mineralizing solutions rose along 
what is now the ore zone, in consequence of favorable fissuring in 
this particular belt of limestone. 

West of the mine the slopes, seen from a distance, show many out
crops suggestive of rliyohtic porphyries, which accord in general with 
the mapping of the higher part of the range by the geologists of the 
Fortieth Parallel Survey as Koipato Triassic. Within these a num
ber of prospectors are developing veins that carry some gold and 
silver. None of these prospects was visited. 

MINERALOGY OF T H E ORE DEPOSITS. 

Introductory statement.—For convenience of reference the minerals 
noted in the ores or closely associated with them are here given in 
alphabetic order, with brief notes on their occurrence. The list is 
obviously not an exhaustive one for the region, which contains many 
deposits not visited. 

Arnpliihole.—A fibrous mineral, not certainly identified, but closely 
resembling tremolite, occurs with epidote, vesuvianite, garnet, and 
sulphides in the metamorphosed calcareous rocks at Coppereid. A 
simflar fibrous mineral was noted in some of the altered limestone at 
the Ryepatch mine. 

Annahergite.—^A bright-green, hydrous nickel arsenate, probably 
annabergite, is an important constituent of the ore of the Nickel 
mine in Cottonwood Canyon, west of Boyer post-office. 

Argentite.—Sulphide of sflver has been found in shallow workings 
in rhyolite at Rosebud, associated with kaolinite, limonite, and 
jarosite. Presumably it was present also in some of the rich silver 
ores mined in former days near the surface in the Humboldt Range. 
A specimen of ore seen in Unionvflle and said to have come from the 
Arizona mine apparently contains argentite. 

Arsencpyrit^.^-The sulpharsenide of iron was noted only in material 
on the dump of the Auld Lang Syne mine, near Chafey, associated 
with pyrite and quartz. 

Axinite.—Axinite, a complex borosilicate of calcium, aluminum, 
and other basee, occurs in the altered calcareous shales of the Coiv 
pereid contact zone. 

Azurite.—-The blue hydrous copper carbonate is nowhere abundant 
in the region examined, but is present m small quantity in the Red 
Butte copper district and at the Lovelock cobalt-nickel mine, in Cot
tonwood Canyon. ' 

•5 
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Ba-rite.—Sulphate of barium was noted as a gangue mineral in ore 
I from a prospect near Fitt ing; with galena, sphalerite, tetrahedrite, 
and quartz in the Manoa or Pfluger mine, near Unionville; and m 
some of the copper prospects at Red Butte. 

Bornite.—Minute specks of a mineral resembling boniite were 
[noted with chalcopyrite in quartz at the Mazuma Hflls mine, in the 
[Seven Troughs district. Not enough of the material was obtained, 
however, for a satisfactory determination. 

Broclmntite.—Brochantite, a green basic sulphate of copper resem
bling malachite, probably occurs in the cobalt-nickel ore of the Love-

i lock mine. 
[ Calcite.—Calcite is sparingly present with quartz in the ores of the 
I Humboldt Queen and Arizona mines, in the Humboldt Range, in 
I some of the veins near Kennedy, and in the deposits of contact-
metamorphic type at Coppereid and Adelaide. 

Cerargyrite.—Cerargyrite, or horn silver, is generally an inconspicu-
'' ous mineral and probably occurred in many of the rich silver deposits 
formerly worked in the Humboldt Range. 

Chalcocite.—Copper glance, cuprous sulphide, was noted only at 
I Red Butte, in. a vein in gabbro. I t is probably present also in the 
[Upper parts of the ore bodies at Adelaide. 

Chalcopyrite.—Copper pyrite is an important constituent of the 
[Adelaide ore, associated with garnet, vesuvianite, epidote, diopside, 
calcite, quartz, orthoclase, pyrrhotite, sphalerite, galena, and pyrite. 
It is present also in the cobalt-nickel ore of the Lovelock mine; in 
the disseminated pyritic deposits of the Treasure Box mine, southwest 

[of Boyer's ranch; in some of the veins near Kennedy; and sparingly 
\'m the Mazuma Hills mine, at Seven Troughs. Close search would 
i probably show it to be present in small quantities also in most of the 
mines of the Humboldt Range. 

Chloanthite.—A mineral of the smaltite-chloanthite group is perhaps 
present with gersdorffite at the Nickel mine, in Cottonwood Canyon, 
but it has not been definitely identified. 

Chrysocolla.—The hydrous silicate of copper occurs in the oxidized 
zone of the Copperoid contact deposits, where to some extent it has 
metasomatically replaced limestone. I t is sparingly present at Red 

j But te and is found in minute specks in some of the oxidized ore of 
Munroe Hill in the Chafey district. 

Cinnabar.—The red sulphide of mercury occurs in fractured lime
stone in Eldorado Canyon, in the Humboldt Range; in a vein in 
limestone and in kaolinized rhyolite in American Canyon, in the 
Pahute Range; and at an unvisited prospect on the edge of the 
Black Rock Desert, a few miles south of Red Butte. I t has also 
been found in the gold-bearing gravels of American Canyon. 

11448—Bull. 414—09 5 
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Copper.—Native copper was noted only near Red Butte, whcrel 
it is disseminated through aplitic dikes that cut gabbro. 

Covellite.—The deep blue cupric sulphide occurs sparingl}- as a | 
product of weathering in the superficially opened copper prospcctsi 
of Red Butte. 

Cuprite.—Earthy cuprite occurs with covellite, chrysocolla, and! 
iron oxides at Red Butte. 

Diopside.—^Monoclinic calcium-magnesium pyroxene occurs with| 
garnet, vesuvianite, orthoclase, and sulphides in the ore of thcj 
Adelaide mine. 

Epidote.—Epidote, a basic orthosilicate of calcium, iron, and 
aluminum, is fairly abundant in the contact zone at Coppereid, I 
associated -with garnet, specularite, axinite, and sulphides. \ 

Erythrite.—Cobalt bloom, a hydrous cobalt arsenate, is an inipor-| 
tant constituent of the ore of the Lovelock mine in Cottonwood J 
Canyon. I t is associated with tetrahedrite, azurite, and arsenates! 
and sulphates of nickel and copper (probably annabergite and| 
brochantite). 

Fluorite.—Fluorspar is fairly abundant in the contact zone a t ! 
Coppereid and is especially associated with specularite. 

Galena.—Galena is widely distributed in the Humboldt region, 
and is found in the ores of nearly all of the districts visited. None, 
was seen, however, in the Seven Troughs district. Specimens froni| 
the Imperial mine near Kennedy showed enough galena to constitute! 
a lead ore, but as a rule the mineral is disseminated rather sparingly! 
through quartz Avith sphalerite, pyrite, and tetrahedrite. At Chafey 
free gold and galena are directly associated. In Star Canyon galena? 
and jamesonite occur together. 

Garnet.—Brown.garnet is abundant at both Coppereid and Adelaide, !• 
where it occurs \vith other silicates and with sulphides in altercd.j 
limestone. 

Gersdorffite.—The principal unoxidized constituent .of the ore of; 
the Nickel mine, in Cottonwood Canyon, is, according to Mr. W. T. 
Schaller, probably gersdorffite, a sulpharsenide of nickel. I t is as- j 
sociated Avith a green alteration product, which he has determined | 
as annabergite. 

Gold.—Native gold occurs in visible masses, some of them of unusual .= 
size, in the quartz veins of the Seven Troughs district. I t is also 
found associated -with quartz and galena in the Chafey district and ? 
in vnriou.<! pros|x>ots in the Tlumlwldt Range near Star Peak;; 
Si>ocimons of free gold have boon found also in rliyofite just south; 
of Golconda, but not in such form or quantity as to induce deepj 
mining. 

The principal placer localities of the region are American Canyon I 
and Spring Valley (Fitting), on the east side of the Star Peak Range,-| 
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and Rock Hill Canyon, in the East Range. Several other canyons, 
especially in the northern part of the Star Peak division of the Hum
boldt Range, also yielded some placer gold. 

Hematite.—Large masses of specularite occur in the contact-meta
morphic zone at Coppereid, and the same mineral is abundant in 
the superficial workings of the Borlasca mine, near Kennedy. In the 
latter place the specularite is possibly gossan material derived from 
the oxidation of pyrite. Some cryptocrystalline siliceous hematite 
occurs in the Red Butte district, associated with the copper ores. 
The material, which is in part jasperoid, appears to have been formed 
by alteration of parts of the aplitic dikes. 

Jam,esonite.—Jamesonite, a sulphantimonite of lead with con
siderable resemblance to stibnite, is an abundant constituent of the 
ore of the Sheba and De Soto mines, in Star Canyon. I t is associated 
with galena, sphalerite, tetrahedrite, and pyrite in quartz. Both 
the jamesonite and the tetrahedrite, as shown by Burton," are silver 
bearing. 

Jarosite.—Jarosite, a hydrous sulphate of alkalies and iron analo
gous in its formula Avith alunite, was identified microscopically as 
minute yellow crystals associated with kaolinite and limonite at the 
Brown Palace mine, near Rosebud. 

Magnetite.—^Masses of iron ore, chiefly magnetite, occur about 20 
miles southeast of Lovelock, at the northwest base of the Pahute 
Range. The deposits, said to be in "greenstone," were not visited. 

Malachite.—The green hydrous carbonate of copper. is present 
in small quantities at Red Butte, Coppereid, Adelaide, Cottonwood 
Canyon (Stillwater Range), and probably at other localities where 
ores containing copper minerals have undergone oxidation. 

Ortlwclase.—The potassium feldspar orthoclase occurs with garnet, 
vesuvianite, diopside, calcite, and sulphides in the ore of the Adelaide 
mine. The mineral is xenomorphic and poikilitic, containing inclu
sions of the minerals associated with it. 

Proustite.—Ruby silyer has been reported from the Seven Troughs 
district. None was seen in 1908. 

Pyrrhotite.—Magnetic pyrite is an abundant constituent of the 
ore of the Adelaide mine and occurs also in the contact zone at 
Coppereid. 

(SiZver.^Native silver is said to have been found in Wildhorse 
Canyon, in the Seven Troughs district. 

Sphalerite.—Zinc blende is a very .widely distributed mineral in the 
Humboldt region and occurs in nearly all of the districts visited. I t 
was not observed, however, at Seven Troughs. I t is not as a rule 
abundant at any one place, but, like galena, is disseminated rather 
sparingly through the various ores. 

o Contributions to mineralogy: Am. Jour. Sci., 2d ser., vol. 4.'>, ISfiS, pp. .16-38. 
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Stibnite.—The widespread distribution of stibnite, or antimony 
glance, is characteristic of the region covered by this reconnaissance. 
Deposits of stibnite have been worked in the Trinity or Antelope 
Range, southeast of Red But te ; in the Humboldt Range, southeast 
of Lovelock; in Star Canyon; in Bloody Canyon, 2 miles south of 
Star Canyon; in Jackson Canyon, about a mile south of Unionville; 
and in the Bernice district, about 16 miles south of Boyer's ranch, 
where there was at one time considerable activity. The Bernice 
district is south.of the area studied in 1908. Stibnite occurs also 
associated with some of the gold ores at Seven Troughs, and is 
undoubtedly present at many localities not examined in the couree 
of tliis preliminary investigation. The mineral occurs generally 
in fissure veins with quartz, although at Seven Troughs it forms 
bunches in soft, crushed rock or gouge. 

Sulphur.—Native sulphur is extensively mined at the Rabbit Hole 
sulphur mine, about 5 miles northwest of Rosebud. 

Tetrahedrite.—Gray copper, or tetrahedrite, like sphalerite and 
galena, occurs in most of the silver-gold deposits of the Humboldt 
and Pahute ranges. I t is nowhere very abundant nor in large 
masses, but is disseminated in specks or small bunches through the 
predominant quartz gangue. As a rule it is argentiferous (freiber-
gite) and its presence indicates an ore rich in silver. The tetrahe
drite of the De Soto mine, according to Burton," contains 14.5 per 
cent of silver. 

The mineral was noted in the ores of the Humboldt Queen mine; 
of the Arizona, Wlieeler, and Manoa mines, near Unionville; of, the 
Sheba and De Soto mines, in Star Canyon; of the Ryepatch mine; 
and of the Gold Note mine, near Kennedy. I t also occurs with cobalt 
minerals at the Lovelock mine. 

TbtinnaZme.—Tourmaline was not observed in close association 
with ores, but occurs as an abundant microscopic constituent of 
altered limestone or calcareous shale near the Humboldt Queen 
mine. 

Vesumanite.—The characteristic contact-metamorphic mineral 
vesuvianite, a basic calcium-aluminum silicate of uncertain formula, 
occurs abundantly with garnet, diopside, calcite, quartz, orthoclase, 
and sulphides at the Adelaide mine. I t -was identified by its optical 
properties as seen under the microscope. 

TYPES OF DEPOSITS REPRESENTED IN THE REGION. 

Basis of classification.—The ore deposits of a given region may be 
classified in many different ways, as, for example, (1) by geologic age, 
(2) by form, (3) by supposed .origin, (4) by mineralogic character, or 
(5) by essential metallic contents. In the present paper an attempt 

o Loc. cit. 
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will be made to group the deposits primarily with reference to the 
closely related fourth and fifth bases of comparison. The grouping 
thus effected will to some extent coincide with classifications depend
ent upon genetic or morphologic features. 

Antimonial silver deposits.—A large proportion of the deposits of. 
southern Humboldt County consist essentially of silver ores carrjang 
varying minor quantities of gold. These ores are prevaiUngly anti
monial, the silver being combined chiefly in tetrahedrite or jamesonite. 
They generally contain in addition a little galena (probably argentifer
ous) and sphalerite, with of course some pyrite. The gangue is 
quartz, and as a iTile the sulphides are subordinate to tbe gangue and 
are rather finely disseminated through it . Argentite and other rich 
silver-bearing minerals may occur in the upper parts of some of these 
deposits. 

To this class belong the deposits of the Sheba and De Soto mines, in 
Star Canyon; of the Arizona, Wheeler, and other mines near Uiuon-
ville; of the Humboldt Queen and Ryepatch nnnes; of the principal 
mines at Kennedy and Fit t ing; and of a number of un-visited mines 
and prospects in the Humboldt Range. Possibly the deposits of the 
Rosebud district belong in this group, but too little ore has yet been 
found there to furnish a safe basis for comparison. 

With the exception of the doubtful ores at Rosebud, all of these 
deposits are in Triassic rocks and most of them are in the Star Peak 
formation. Beyond the fact that the ores are post-Triassic their age 
is unknown, but it is thought probable that they are pre-Tertiarj- and 
were deposited during or after the post-Jurassic intrusions and fold
ing that affected the whole Great Basin region and the Sierra Nevada. 

The antimonial silver ores generally fill fissures, but they show 
much variety in form. Some deposits, as that of the Bonanza King" 
mine at Fitting, are comparatively simple, nearly vertical veins. 
Some, while generally of simple tabular form, have a low angle of.dip, 
as i n t h e Gold Note mine, at Kennedy, or are nearly horizontal, as at 
the Arizona mine, hear Unionville. Others are of irregular shape and 
are related in special ways to fissuring and bedding, as in Star Canyon 
and at the Ryepatch mine. Still others, such as the Humboldt Queen 
deposits, are sharply folded bed veins. 

None of these deposits has been worked to great depth, and the 
rich ores appear to form bonanzas -within short distances from the sur
face. As a rule, the deeper workings show a decrease both in the size 
and tenor of the deposits. At present there is no production from 
any mine in ore of this type, although many of them were extensively 
and profitably worked in the sixties. < 

Gold-silver deposits.—^The deposits tha t owe their value chiefly to 
gold are those at Seven Troughs and at Chafey. There are marked 
differences, however, between the ores of the two districts. Those at 
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Seven Troughs are in Tertiary volcanic rocks; those at Chafey are in 
Mesozoic volcanic and sedimentary rocks, probably Triassic. At 
Seven Troughs the gold is coarse, occurs in lodes made up of many 
small irregular quartz veinlets, and is accompanied by comparativeh* 
httle pyrite, with as a rule no other sulphides. Stibnite, it is true, 
occurs in some of the mines, but not, according to my observation, as 
a constituent of actual ore. At Chafey the native gold is in smaller 
particles and occurs in well-defined solid veins in which the quartz carries 
considerable galena, less sphalerite, and comparatively little pyrite. 
Whether the veins of the Auld Lang Syne and other abandoned mines 
exhibit the same character is not known, although arsenopyrite 
appears to have been the principal sulphide in the lower levels of the 
Auld Lang.Syne. ' Neither at Seven Troughs nor at Chafey were the 
accessible workings deep enough in 1908 for a thoroughly satisfactory 
comparison of the two kinds of deposits. 

Gold prospects, of which the ores resemble the Chafey ore, in that 
the gold is associated with galena and sphalerite in quartz veins 
traversing Triassic rocks, have been opened at various places in the 
region, particularly in the vicinity of Star Peak. 

Copper deposits.~L\ke the gold deposits, the copper deposits of 
the region fall into two classes. One of these is exemplified by the 
deposits soiithwest of Boj^er's ranch, in Tertiary andesite, and by 
those at Red Butte , which are in igneous rocks doubtfully regarded 
as of Tertiary age. The deposits near Boyer's ranch are diffuse 
pyritic disseminations. Nothing is known of the Red Butte deposits 
beyond what may be seen from very shallow worldngs in oxidized 
material; the greater part of the copper appears to be disseminated 
through altered aplitic dikes in gabbro, and the native metal may be 
expected to give place in depth to some sulphide, perhaps to chal
copyrite. 

The deposits at Coppereid and Adelaide, on the other hand, are in 
calcareous sedimentary rocks, probably belonging to the Triassic. 
They have the mineralogical characteristics of contact-metamorphic 
deposits, although at Coppereid only is there visible relation between 
the metamoi'phism and a mass of intrusive rock that effected the 
alteration. Garnet, chalcopyrite, pyrrhotite, sphalerite, and pyrite 
are common to both localities, although no sulphide ore bodies have 
yet been opened at Coppereid. Axinite, fluorite, epidote, and specu
larite occur in the contact zone at Coppereid, but were not noted at 
Adelaide. At the latter place, on the other hand, the altered lime
stone contains vesuvianite, diopside, and orthoclase. Doubtless a 
more thorough study would increase the lists of silicate minerals pres
ent at each locality. The deposit at Adelaide, like those at Yering
ton," shows that ore bodies of essentially contact-metamorphic tj^pe 

o Ransome, F. L,, The Yerington copper district, Nevada: Bull. U. S. Geol. Survey No. 380, 1909, pp. 
99-119, 
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are not necessarily in direct contact with igneous rocks near the 
surface. 

Antimony and quicksilver deposits.—The general character and dis
tribution of the deposits of stibnite and cinnabar have been briefly 
outlined in the preceding section on the mineralogy of the ore depos
its. The occurrence of both kinds of ores at a number of widely sepa
rated localities is one of the noteworthy features of tliis part of 
Nevada, and indicates that the ore deposition, in spite of its varied 
local manifestations, has had some ultimate dependence upon condi
tions regional in their prevalence. In other words, the ores show a 
general provincial relationship. 
, The antimony and quicksilver deposits, with the exception of the 
stibnite at Seven Troughs, are all, so far as is known, in Triassic or 
Jurassic rocks and are supposedly of the same age as the antimonial 
silver-gold ores. No facts are known, however, that absolutely rule 
out a Tertiary age for some of these deposits. 

Nickel and cobalt deposits.—^The nickel and cobalt deposits in Cot
tonwood Canyon consist of sulpharsenides of nickel (gersdorffite in 
part) , tetrahedrite, and some compound of cobalt with sulphur, 
arsenic, or antimony, with the various oxidation products of these 
minerals. The ores fill small fissures in much-altered andesite or 
andesite breccia cut by diorite and may be genetically related to the 
intrusion of the latter rock. The age of the diorite is probably late 
Mesozoici The age of the nickel and cobalt ores is not definitely 
determinable. If their deposition followed closely the intrusion of 
the diorite they are probably pre-Tertiary. On the other hand, the 
occurrence of copper both with the nickel and cobalt ores and in Ter
tiary andesite at the Treasure Box mine, a few miles south of Cotton- (̂  
wood Canyon, suggests that the nickel and cobalt deposits may be 
Te^tiar3^ 

CONCLUSION. 

The southern portion of Humboldt County is part of a metal-
logenetic province characterized chiefly by the prevalence of anti
monial ores of silver with numerous and widely scattered deposits of 
stibnite and cinnabar. There are in addition some deposits of gold-
silver, copper, and nickel-cobalt ores. Ore deposition probably began 
immediately after the intrusion of the Triassic and Jurassic sedi
ments in late Mesozoic time by a magma of generally granodioritic 
composition, comparable -with tha t which invaded the rocks of the 
Sierra Nevada at the same period, and continued into the Tertia^>^ 
The known Tertiary deposits are essentially gold-silver ores and cop
per ores, but it is possible that some of the other types are also 
Tertiary. 
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•/ I Evaporite-Carbonate Rocks ofthe Jurassic Lovelock 
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ABSTRACT' ' • . ' 

Thf Lovelock Formation is an assembly of late Early Jurassic.or 
•'''• i si;Jdk- Jurassic carbonate rocks and gypsum that constitute the 
', J I niiiiigest preserved sediments- and, probably, the last marine 
•>••-1 .',1-posits in successions of Jurassic rocks in the Carson Sink region of 

'-•••• ( ai'.a'sn Nevada. The formation records a set of transitional 
'•̂H \, onvi.-onmenrs between open marine basinal conditions arid an 

•-.i ! r:;urg'..-nt tectoriically active terriain. The current extent of the 
•i:'.; ( .:iirmation is probably a smallfraction of its original distribution in 

!' ;;.cC.irson region and, perhaps, in areas of Nevada farther west. 
I The Lovelock Formation occurs only in a pair of nappes in the 
i ,wpc- pile of the northern West Humboldt Rarige. Geometric 

- " • I ;:'i.nions between''intranappe and internappe folds suggest that 
•"'• \ n.sppe emplacement and folding were coupled deformations in 

i rii.ijor Middle J iirassic tectonism! Sites of deposition of the Lovelock 
... |.^ti)rni;-ition were probably not rriore than a few kilometers east or 

!• v..r<t or current exposures of the formation. 
U-- I • Tjif formation is comprised of three members in a maximum 
.̂v̂  \ • :hî '(;ncss.of about 200.m. The lowest is a.micrite which.underwent 

i -rnv.Tgence and fresh-water, diagenesis before deposition of 
;.'.!;n-,entai limestones of the middle member. Conglomerate ofthe 
.ni;;idli- member consists exclusively of intraclastic micrite pebbles 
't>ii,Ti rhe jower member. Finer grained sedimentary breccia above 
iK'.- conglomerate is ari accumulation of intraclasts and allochtho-
"f-'iis particles from a variety of subenvirontnents on a carbonate 
!-.!nk. The upper member comprises gypsum and calcarenite, 
-'-posited at least in part in standing water of a barred basin. The 
•roiience of motions of the sediment surface relative to sea level 
.;cvorcicd in the deposits ofthe Lovelock Formation is conceivably 
"iiO to eiistatic variations, but the^ general temporal proximity of 
-rposjtion of the formation to major tectonism suggests that such 
•''Kinons were probably tectonic. 

. I'ostdepositional hydrothermal recrystallization occurs sporadi-
'^liy.iri carbonate rocks of the Lovelock Formation. Such 
•'••runiorphism was perhaps synchronous with local generation of 
^>!utiori breccias in the upper member and local calcitization of 

•>i;iiate.' • 

INTRODUCTION 

'̂Vpsum and carbonate rocks, here named the Lovelock 
• >'mi.uion, constitute the apparently youngest marine deposits in 
yjiiy .Mesozoic sedimentary successions exposed in the West 
pumnoldt Range, Nevada (Fig.-1). Outcrops of the formation are. 
••••"ned to a pair of nappes in an area of only a few square kilometers. 
•• i> likely, however, that the preserved deposits of the Lovelock 
•\irmation are a vestige of a once more extensive lithic unit in the 
'^'^on Sinkregion and perhaps, in areas farther west. The rocks of 
••>̂  I'ormation record paleoenvironmerits.that were transitional from 
^ " marine basinal > coriditions in Lower Jurassic time to an 

•rparcntly emergent, tectonically active terrain in upper Lower 
j •'̂ Jssic or Middle Jurassic time. Thus, the Lovelock Formation and 
"!< probably correlative Boyer Ranch Formation (Speed and Jones, 
'•'Ov; east ofthe Carson Sink were the last mai-ine sediments ofthe 
? Jrson regioa and were deposited ar the onset of or during major 
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• tectonism. This paper examines the stratigraphy and lithology of the 
/ Lovelock Forination with a view toward interpretation of its 

depositional and tectonic history. 
.Aside from its paleoenvironmental significance, the Lovelock 

Formation provides a key to certain lithic and structural problems of 
the Carson Sink region. The nappes that contain the Lovelock • 
Formation iri the northern West Humboldt Range (Gypsum Mtn., 
Fig. 1) occur in a pile of nappes of lower Mesozoic rocks. Nappe 
piles of essentially similar rocks exist farther south in the West 
Humboldt Range and at places in the Stillwater Range to the east 
across the Carson Sink. .A major exception to the uniformity pf the 
lithic assemblies of such riappe piles is that the Lovelock.Formation 
is apparently absent from nappes of the Carson region (other than 
the riappe pair at Gypsum Mountain). The highly restricted 
occurrence of the formation has been puzzling, considering that 
associated early Mesozoic.pelites are so widely distributed. 

Nappe piles of the Carson region, however, contain a number of 
: laterally extensive tabular bodies of carbonate breccia and marble 

which areapparendy much like the rauhwackes' of the alpine chains 
• (Leine, 1971). In the Carson region, the marble in such bodies is 
, believed to have originated by calcitization of gypsum and the 

breccia by compaction and collapse of carbonate residua during 
a'queous dissolution of the remaining sulfate (Speed, 1974). The 
extent of the carbonate bodies in the Carson region indicates that 
precursor gypsum was widespread. There is no recognized 
stratigraphic interval of sulfate rocks in the Carson region other than 
that in the Loyelock Formation, and by correlation, it follows that 

: the Lovelock Formation was similarly widespread. Support for the 
correlation is derived from the existence-of small bodies of marble 
and breccia in the gypsum unit of the Lovelock Formation. Study of 
the Lovelock Formation thus provides the "initial conditions" for 
calcitization and brecciation in.the production of the Carson 
rauhwackes. Description of the rauhwackes and the transforming 
processes is presented elsewhere (Speed, 1974; Speed and Clayton, 
1974).. . : , , . . ; 

Earlier mention pf rocks of the Lovelock Formation was made by 
. Louderback (1904) andby Stone and others (1920), butthey did not 

provide a correct stratigraphy because of unresolved structural 
complications. Wallace and Silberling (1962) give a reconnaissance 
cross, section which includes rocks of the Lovelock Formation 
approximately along the same line as section AA' of Figure 2 of this 
paper. 

LITHIC UNITS OF THE NORTHERN 
WEST HUMBOLDT RANGE 

The Lovelock Formation crops out entirely in the northern West 
Humboldt Range, Nevada, about 8 km northeast of Lovelock. It 
occurs in a relatively complete but structurally, complicated 
succession of Lower Jurassic and Upper Triassic sedimentary rocks, 
together with minor breccia and igneous rock. The lithic units 

. ' Rauhwackc: name applied in'Europe, especially in the Alps, to laterally extensive 
tabular bodies of porous carbonate breccia or rocks in which carbonate breccia is the 
maior constituent (Leihe, 1971). In the alpine cHains. rauhwackes are frequently nappe 
soles. 1 import the name as a convenient and general lithic descriptor. There is no genetic 
connotation involved. 

•!>gical Society of America Bulletin, v. 85, p. 105-118,6 figs., January 1974 
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Figure I. Geologic map of the Gypsum Mountain area, northern West Humboldt Range, Nevada, showing outcrop extent of Lovelock Formation and probable | 
rrelatives (Jf?) at the same structural level. Cross sections in Figure 2. Topography from U.S. Geoloirical Survey Lovelock (1:62.500) auadranelt: el™arinns in feet. ? Geological Survey Lovelock (1:62,500) quadrangle; elevations in feet. 
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associated with the Lovelock Formation are briefly described below, 
and theiir distributions are shown inFigure 1. 

Pelite^, Principally Lower Jurassic (J-J s) 

The volumetrically predominant rocks of the area of Figure 1 are 
light colored, larriinared to thin-bedded mudstone and siltstone. 
They contain minor thin to medium beds ot calcareous sandstone 
and thin-bedded to rnassive sandy, silty,. and stromatolitic dark 
limestone. Fossils obtained in the unit indicate Early Jurassic 
Hettangian, Sinemuriari, and Toarcian ages. The youngest fossils 
(early Toarcian) are Harpoceras sp., identified by N. J. Silberling, 
which have been collected at several localities in the area of Figure 1 
hv Silberling and by me. The Lower Jurassic pelites exhibit no 
recognized stratigraphic succession of lithic variations. Thus, in the 
area of Figure 1 where probably all the rocks are in thrust nappes, 
allochthonous bodies pf pelite cannot be assigned to a particular 

. stratigraphic position in the succession by lithology. .^s a unit, 
however, the Lower Jurassic pelites are lithologically distinct frorri 
most Triassic pelitic rocks which constitute the other widespread 
unit of.pre-Tertiary layered rocks of the Carson region: . 

Sulima(1970)^studied an apparently CQritinuous.sectip;n Z ^ "W'frr 
lurassic pelite in Coal Canvon 2 km north of the area shown on 
Figure 1. He fourid at least 1,000 m of Hettangian rocks which are 
conformable above Triassic (Norian) pelite. The Triassic rocks are 
largely dark slate which contrast strongly with the Jurassic pelite. An 
imfossiliteroiJS interva! about 100 m thick occurs above the Triassic 
.slate in rocks lithologically similar to^ the Jurassic pelite. The 
systemic.boundary could thus occur within the light-colored, more 
calcareous higher pelite succession; such rocks are here called J^s, 
though most of them are Lower Jurassic. The Lovelock Formation 
lies conformably above pelite'of this unit. . , 

Triassic Pelite Cfis) 
Slarv lipht- to dark-green mudstone and siltstone. minor 

micaceous sandstones, and dark limestone make up the Triassic. 
pelite unit. Abundant Mowoto sub.circularis and other fossils 
.indicate the unit is Noriati (late Late Triassic). Triassic pelite in the 
area shown on Figure 1 pccurs only in the youngest nappe ofthe pile. 

Marble and Carbonate Breccia (m) 
A deformed tabular layer .laf marble and carhon.ite bret^cia 

(rauhwacke) occurs as the second highest nappe (Fig. 2) in.the 
succession of nappes in the northern West Humboldt Range. The 

, marble is a coarse-grained tectonite; the carbonate breccia consists 
ofmarble arid calcarenite clasts in a matrix of calcite-quartz sand. 

Gabbroic Rocks (g) 

A small body of anorthosite and anorthositic ,gabbro intrudes 
Triassic pelite of the highest nappe in the northern parr ofthe area of 
iigure 1. The thrust that bases the nappe cuts both the Triassic pelite 

_.Vnd igneous rocks, indicating that the igneous rocks . are 
.illochthonous. Jurassic pelite in the subjacent nappe, however, is 
slightly metamorphosed within a few meters of the igneous rocks, 
indicating that final cooling was essentially synchronous with 
emplacement of the nappe occupied by the gabbroic rocks. The 
iianbroic rocks are anputlier of an extensive body of gabbro farther 
*uth in the West Humboldt Range, where evidence indicates that 
intrusion was concurrent with emplacement of the highest nappe of 
'he pile (Speed, in prep.), fr k'-Ar ap.p nf (^nmblende fror" ĝ ^̂ >̂ '-a 11 
JiiBLSouiti ofthe bpdy shown in Figure 1 is__16Jjajj^, and there is 
"itle question that the two bodies are coeval. An age pf 163 m.y; is 
.^liddle Jurassic, probably Baithonian (late Middle Jurassic; 
:^owarth, 1964). . 

,. Use of the word "pelite" as a lithic descriptor connotes a very high proportion of 
^'ercalated silicate mudstone and siltstone which may locally grade to,line-grained 
V>mfels or tectonite. 

STRUCTURE 

.The objectives here are to provide an understanding of 
macroscopic structure of the Lovelock Formation as a context for 
stratigraphic discussion. Space does not allows analysis of data from 
minor structures that indicate the deformation and transport history 
of the formation; the latter data will be presented elsewhere, but 
some conclusions are mentioned here. 

All of the rocks in the area shown on Figure 1 are allochthonous, 
and they are contained in a.vertical succession of folded nappes^ of 
which there is perhaps a total of seven in the northern West 
Humboldt Range. Thrust boundaries of the upper four nappes are 
shown in Figures 1 and 2. The numbers on thrust traces in Figure 2 
indicate the vertical succession of nappe boundaries and the 
correlation of thrusts across eroded intervals. Thrusts are easy to 
trace where they juxtapose different lithologies, but they are difficult 
to follow;where they separate bodies of similar rocks, especially 
Jurassic pelite. Thrusts at structural levels below those shown in 
Figure 2 are locally recognized just north of the area of Figure 1, but 
their traces cannot be continued as far south as Gypsum .Mountain. 
The implication is, however, that Jurassic pelites structurally below 
the Lovelock Formation are allochthonous and may comprise 
several nappes; 

The Lovelock Formation occurs in a pair of nappes, here called the 
"gypsum nappes," that lie between thrusts 3 and 4 of Figure 2. The 
gypsum nappes contain, as well, Jurassic pelite that is 
stratigrapihically concordant to the Lovelock Formation. Bound
aries of the gypsum nappes are located with certainty except along 
the west side of the southern. nappe (Fig. 1) where the thrust 
apparently occurs within Jurassic pelite. The northern gypsum 
nappe overlies the southern one, such that thrust 4a on Figure 2 is 
younger than 4b. The lateral proximity of the nvo gypsum nappes 
and their occurrence at rhe same general structural level in the pile of 
nappes at Gypsum Mountain, however, suggest that the two gypsum 
nappes were originally continuous and were imbricated during or. 
after emplacement. 

Relations between folds in the Gypsum Moiintain area (Fig. 1) 
prpvide a basis for interpretations of the tectonic histor>^ of the 
Lovelock Formation. Beds ofthe Lovelock Formation are deformed 
in three sequential fold sets, of which the first (set 1) consists df 
intranappe folds; the others (sets 2, 3) fold both beds and nappes. 
Major folds occur in all sets, but minor folds are recognized only in 
sets 1 and 2. Axial plane foliation and lineation are well developed in 
gypsum of the Lovelock Formation, but they are sparsely measured 
owing to the paucity of exposed gypsum rock. In contrast, 
penetrative structures are rare in carbonate rocks of the formation. 

Within the gypsum nappes, the Lovelock Formation and its 
substrate occur in recumbent major folds (Fig. 2). The general 
orientation of tops of beds in the recumbent folds is indicated by 
arrows in Figure 2 as determined from cross-bedding in the lower 
member, where it is locally homoclinal. The recumbently folded 
members are at places truncated by the thrusts at the nappe bottoms, 
and such folds were clearly formedbefore final nappe emplacement. 
Pre-emplacement folds thus constitute set 1. Amplitudes of-the 
major folds of set 1 exceed the width of outcrop of the Lovelock 
Formation, and it is difficult to determine the position and direction 
of the trace of axial surfaces of such folds; Analysis of minor folds 
believed to be cogenerate with the recumbent major folds, however, 
indicates that the original axial traces of set 2 folds are generally 
northerly, and their axes are essentially horizontal. 

Foldsof set 2 involve both the gypsum nappes and adjacent pelite 
nappes and are thus clearly later.than the intranappe folds of set 1. 

' Nappe: discrete allochthonous teaonic unit of mappable size, as modified from 
recdmrnendcd u.sage of Derinis (1967).. There, is no constraint of detachment, 
displacement, or natureof internal structure. Structurally continuous rocks of the upper 
plate of a thrust fault constitute a nappe,.but upper plates of extensive master thrust • 

. faults may comprise an assembly of nappes. 
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Figure 2. Geologic cross sections in the Gypsum Mountain area along traces shown in Figure 1. Symbols for liihic units and line weights for unit boundaries same as in Figure 1. 
Arrows in unit J(( indicate stratigraphic top in locally homoclinal segiiicnts. Numbers on thrust (races indicate generally downward sequence of nappe bottoms; 4 is bottom of 
gypsum nappe pair, subdividal to 4a and 4b where the separate nappes can be identified, ' . 
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.iT,e rnajor,pattern of lithic units in the Gypsum Mountain area is 
',. jrelv due to set 2 folds, and folds of thrusts shown in the sections of 
;.i;iirc 2 are chiefly of set 2, except inthe interval, BB'. Axial traces of 
r;ids of set 2, like those of set 1, are generally northerly, and axes 
umilarly plunge shallowly. Figure 1 displays approximate axial 
..•aces of major folds of set 2, the variability of which is due to folds 
.vi bct 3i Folds of set 2 comprise a spectrum of wave lengths, limb 
..pprcssions (tightness), and inclinations of axial surface. The 
r^nlorm of the lowest harmonic recognized has a half wave length & 
1 km; its axial trace passes through Gypsum Mountain. The west 
Umh of the synform exposes the lower nappes in the pile, including 
ihc gypsum nappes. Smaller wave-length folds of set 2 have axial 
-il.incs that dip variably with easterly and westerly components. The 
vari.-ible dips indicate coaxial refolding or, possibly, remarkable 
liivcrgence of the axial planes of the higher frequency folds on the 
limbs of the major folds*. 

Folds of set 3 consist of broad open folds with essentially easterly 
jxial traces. 

The coaxiality of the intranappe folds (set 1) and those of set 2, 
together with the generally similar variability of axial planes^ of 
folds of the two sets, provides grounds for the proposition that the 
uvo sets were produced in a continuum ofdeformation rather than 
in tectonically discrete phases. The continuum hypothesis implies 
ih.it nappe motion was adjunct to regional folding and was such that 
I here was litde rotation of set 1 axes relative to fold axes of set 2. 
Further, the occurrence ofthe Gypsum Mountain nappe pile in a 
m.ijor synform of set 2 implies that nappe transport was directed 
loward the developing synform. If the hypothesis is correct, the-
(Apsum Mountain synform was a nappe sink. The corollary is that 
iKippe sources were upfolds, and if motion was generally normal to 
;ixcs of folds of sets 1 and 2, such, upfolds Jay. east and west ofthe 
northern West Humboldt Range. There is no clear interpretation of 
"hether nappe motion was uphill or downhill, although the 
.ipparent lack of rotation of set 1 folds may be siiggestive that the; 
nappes were not detached gravity slides. . . 

Dared gabbroic rocks (163 m.y. old) are deformed Ijy set 2 folds 
jnd are essentially contemporaneous with emplacement of the 
highest nappe. Thus, deposition and deformation, of the Lovelock 
lormation occurred during upper Lower Jurassic—Middle Jurassic 
(ime. • ' " . . . • • 

Evidence for the source and.transport distance of the gypsum 
nappes is circumstantial, The hypothesis given in a previous 
p;iragraph suggests transport of the gypsum nappes either grossly 
fJst or west into a synclinal trough; the displacement would have 
Ixen up to a half wave length of the major folds which regionally 
sfems to be 4 to 9 km. The highest nappe in the West Humboldt pile 
probably came a few kilometers from the east or southeast, but there 
!i no necessary association ofthe direction of displacement with that 
ot the earlier gypsum nappes. Moreover, the multiplicity of nappes 
in the West Hiimboldt Range and their lithic homogeneity (chiefly 
Lower Jurassic rocks) suggest they had local derivation and small 

'Wallace and Silberling (1962) published a reconnaissance structure section in the 
^>rsmn Mountain area, approximatelyalong section AA" of Figure 2 of this paper.. 
' "f y were the first to recognize the nappe of Triassic pelite that is based by thrust 1 of 
•~y seaions.They further show that strata equivalent to the Lovelock Formation are in a 
fJlor fold overturned to the west. -Their fold does not correspond in detail to folds 

.; *iincated in Figures 1 and 2 of this paper, but it is presumably a generalized equivalent 
« iolds of my set 2 that deform the southeni gypsum nappe. They believed that the 
otertuming indicates east to west overriding. Such motion is demonstrable at places in 
=1* West Humboldt Range, but at Gypsum Mountain, the spatial variability ot 
-yidination of axial surfaces of folds of set 2 makes difficult an interpretation of a general 
•^'ection of overriding. 

Poles to axial planes of folds of sets 1 and 2 occupy similar great circles on 
?<!Uii-area plots. Such circles are spatially variable owing to rotation by set 3 folds. Set 1 

•Poies are full circle, whereas those of set 2 occupy partial circles. 

displacements, because rocks alien to those in the nappes and to 
Mesozoic rocks generally in the Carson region have not been mixed 
in the nappe pile. Although the arguments are not compelling, I 
believe the gypsum nappes were derived a few' kilometers west or 
east of their current position and that such positions rnay be grossly 
taken as the depositional sites ofthe Lovelock Formation relative to 
the pehte substrate. 

LOVELOCK FORMATION 

Formation Characteristics 

The Lovelock Formation comprises three informal members: a 
lower member of dark limestone, a middle member of limcclast 
conglomerate and microbreccia, and an upper member of gypsum 
and interbedded calcarenite. The formation is variably 25 to 200 m 
thick. Figure 1 shows the exteint of the Lovelock Formation. It is 
locally differentiated in nvo map units, upper and lower -t- middle, 
the middle member being too thin to show separately. Elsewhere, the 
formation is undifferentiated either where tight folding makes the. 
members difficult to show or where the formation consists chiefly of 
carbonate breccia. Such breccia is due largely to the accumulation of 
limestone fragriients during dissolution of gypsum, as discussed 
later. Hence, much of the undifferentiated Lovelock Formation on 
Figure 1 originally consisted dominantly pf the upper member. 
Erosionally isolated bodies of carbonate breccia and recrystallized 
limestone are called jf? if they occur at the same structural level as 
the Lovelock Formation. The uncertainty in correlation is that, in 
principle, one or more of such bodies could represent the feather 
edge of some other nappe (or nappes) that lies between thrusts 3 and 
4 as shown on Figure 2. The lithic similarity among breccias of the 
isolated bodies and that of the Lovelock Formation, however, 
suggests they aî e all evaporite solution breccias derived from the 
sarrie gypsum unit whether structurally contiguous or not, 

The Lovelock Formation lies conformably above Jurassic pelite. 
The formation top is erosional. 

Age 

The Lovelofk Enrmaririn î  undated paleontologicajlv. Fossil 
material consists of pelecypod and cephalopod debris, but none is 
genetically identifiable. Thus, age bounds are assigned to the 
Lovelock Formadon on indirect evidence. The maximurn age is 
Toarcian (late Early Jurassic), and the minimum is Bathonian (late 
Middle Jurassic). 

The maximum age is based on youngest fossil ages in the Early 
Jurassic pelite. The pfHre whirh hes conformably below the 
Lovelock formation in rh<;-gypsum nappes has yielded no fossils, 
but, hx-lixhalo^y. it is.unquestionably part of the predominantly 
Jurassic pelite unit (unit ['^s). The gv'psum nappes lie above pelite 
with Toarcian fossils,/and they are overlain by an extensive nappe 
which also contams' I'oarcian fossils. Furthermore, rocks like those 
of the Lovelock Formation are nowhere interbedded with pelite in 
the Carson region, and jjelite does not lie above the • Lovelock. 
Formation. The conclusion is that the Lovelock Formation is 
younger than any rocks in the pelite units. The minimum age of the 
Lovelock Formation is equivalent tO the age of the gabbroic rocks 
(163 m.y.) which were intruded and cooled during emplacement of 
the highest nappe. The gypsum nappes, having been emplaced 
earlier, must contain rocks older than 163 m.y. 

Lower Member 

The lower member ofthe Lovelock Formation consists of 3 to 35 
m of relatively homogeneous dark limestone. The limiting 
thicknesses occur where the unit is tectonically attenuated or . 
repeated; about 25 m is the average stratigraphic thickness. The 
limestone consists largely of calcite micrite which is widely 
recrystallized to microsparite. Micrite is made up of calcite grains Sfi 
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pr less'with an abundance of interstitial opaque material including 
pyrite and carboriaceous substances. In microsparite, the calcite 
grains are 5/1 to 12^ ,̂ and they occupy a granoblastic texture which • 
is interpreted to be of diagenetic origin. The content of opaque 
substances is lower in the microsparite than in the micrite. At places, 
niicrite (or microsparite) grades to patchy sparite with calcite grain 
diameters of 100/x or less, generally in association with calcite spar 
veinlets which abundantly cut the lower member. Sparse anhedral 
quartzgrairisup tp60pi in diameter and a few platelets of white mica 
occur as isolated particles in̂  the micrite and its recrystallized 
equivalents. 

The micrite coritains scattered to locally abundant laminae and 
thin beds of silty micrite, quartz calcsiltite, and quartz calcarenite. 
Thecoarser particles are calcite, quartz, and pyrite. Silty micrite and 
calcsiltite occur chiefly in plane laminae that sharply contact 
micrite. Calcarenite is generally in beds as riiuch as 7 cm thick that 
contain sets of tangential cross-laminae whose maximum 
inclinations are about 15°. 

The absence of fossils or skeletal debris in.the lower member is 
noteworthy. .Moreover, the existence of undisturbed plane laminae 
throughout the limestone indicates absence of bioturbation arid 
suggests that benthonic faunas were lacking. 

The lower member records a change, at least of local extent, in 
sedimentary environments from the depositiori of fine silicate as 
represented by the Toarcian substrate to deposition chiefly of 
carbonate mud and only minor extraclasric components! The 
absence of fossils, predominance of mud, and darkness of th^ rocks, 
apparently owing to disseminated organic material, suggest a 
medium of largely stagnant, low-oxygen waters. The limited 
exposure ofthe Lovelock Formation prevents an understanding of 
the regional extent of the change of environments. The Lower 
Jurassic pelites, however, are characterized by their wide lithic 
hornogeneity, implying lateral uniformity of their depositional 
basin. Thie lower member of the Lovelock Formation thus indicates 
either bypassing or cessation of the silicate flux and chiefly local 
generation of deposits. 

.. At places; the lower member is strongly bleached and 
recrystallized to an average grain size of 1 mm. By its intensity and 
local occurrence, such recrystallization seems not to be ofthe same 
generation as the more pervasive micrite-microsparite-sparite series. 
The local intense recrystallization, moreover, affects the middle 
member (and perhaps the upper member) of the Loyelock 
Formation, whereas the microsparite-sparite recrystallization is at 
least pardy earlier, apparendy pre:middle member, as discussed 
later. Where patchy, coarse recrystallization occurs at the 
stratigraphic top of the lower member. Where more extensive, as at 
the northernmost and southernmost exposures'of the Lovelock. 
Formation, nearly the entire lower member is colorless coarse
grained meta-limestone. The absence of foliation in the coarsely 
recrystallized rocks implies that recrystallization was not produced 
by deformation ofthe Lovelock Formation. The distribution of such 
rocks suggests penetration of solutions and (or) heat downw;ard 
from the top of the low er member. 

Differences in conditions of recrystallization of micrite to 
microsparite and to meta-lirinestone are indicated by carbon- and 
oxygen-isotope data (Table I). Ratios in microsparite are those of a 

TABLE I. UJiSON- AND OXYGEN-ISOTOPE RATIOS 
OF LIMESTOIIES OF THE LOWER MEMBER OF THE 

LOVELOCK FORMATION* 

Rock 

Microsparite 

Coarse-grained color less 
meU-Jiinestone from 0.5 ni 
below top of Jower trember 

'AxMJyses courtesy of R. i*. CUyton, 

«C"(P08) Voo 
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Ifniversiti/ of Chicago. 
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18.Z 

7.2 

marine limestorie whose oxygen has equilibrated with light-oxygen 
water, as interpreted by Speed and Claytpn (1974). Textures of the 
microsparites surely provide no suggestion that the recrystallization 
was at a significantly elevated temperature such that the oxygen . 
exchange and grain reorganization in micrite ostensibly occurred 
during pervasion with meteoric water. In contrast, meta-limestoni^ 
in the lower member contains remarkably lighter isotopic ratios 
than the microsparite and also textures which indeed suggest higher 
temperature recrystallization! Interpretations ofthe meta-limestone 
isotopic data by Speed and Clayton (1973) are that the temperature 
was sufficient (&200°C) that decarbpnation during recrystallization 
allowed concomitant lowering of 6C'^ during hydrothermal oxygen 
exchange. Thus, meta-limestone appears to have resulted from 
recrystallization due to hydrptherrnalfluid that.entered the lower 
member sporadically from its top. 

MiddleMember 

The middle member ofthe Lovelock Formarion is predominantlv 
limeclast conglomerate and sedimeritary breccia together with lesser 
amounts of calcarenite and red silicate mudstone and sandstone. 
The thickness of the middle member varies laterally from 3 to 20 m. 
The contact of the lower and middle members is largely 
conformable, but locally an angular unconformity exists. 

The coarse-grained fragmental limestones of the middle member 
are of two distinctive lithic types, described below as calc-
conglomerate andsedimentary calc-breccia. Conglomerate consists 
chiefly, of a massively bedded framework of subangular to 
subrounded limestone clasts. A fevv thin lenses of calcarenite exist in 
the conglomerate. There is at most places a modest preferred shape 
orientation of clasts. The clasts are equant to ovoid; axials ratios 
^ 2 . Maximum clast lengths are between 5 and 15 cm. 

Clasts are largely micrite, laminated micrite-quartz calcarenite. 
and micrite. variably recrystallized within the micrite-sparite 
spectrum. .Many limecliists contain veins which are truncated by 
clast .margins. Clasts, composed entirely of coarse-grained vein spjr 
exist. Sparse fragments of calcarenite and pebbly calcarenite in the 
conglomerate are lithologically like the conglomerate matrix and are 
interpreted to be of synsediriientary derivation. • 

The calc-conglomerate matrix is fine- to medium- grained 
calcite-quartz—white-mica sand. The quartz content of the matrix is 

. inversely proportional to grain size and does not exceed about 30 
percent. At places, sand of the matrix grades,to lensy thiri beds ot 
calcarenite or pebbly calcarenite; 

Calc-conglpmerate occurs chiefly at the base of the middle 
member and is overlain conformably by sedimentary calc-brecci.i 
which contains thin interbeds of finer grained calc-conglomerate. 
The clast population of the conglomerate largely contains the same 
lithic spectrum as does the lower member. The lithic similarity and 
spatial relations clearly indicate that the lower member was the 
pebble source. The • framework structure of most of the 
conglomerate and quasi-equant pebble shapes and modest roundin.u 
suggest that the micrite of thelower merribcr was at least moderately 
lithified by the time it was eroded. 

The conglomerate is of variable thickness, and it wedges out J' 
. places. Where the conglomerate is absent, .sedimentary calc-breccu 
lies directly on the lower member with modest angubf. 
unconformity. At such places, the lower member was variahl; 
eroded with or without,uplift before deposition of the breccia. The 
relation indicates such places were likely sources of congloinerai'' 
pebbles. Exposure does not allow clear assessment of whether tne 
unconformities are shallow channel bottoms or eroded surfaces i>i 
tilted micrite beds. It is thus possible that the conglomerate could he 
fluvial or wave-laid or both! 

The second distinctive fragrriental rock type in the middle memU-' 
is sedimentary calc-breccia which generally lies above '"'' 
conglomerate (Figs. 3, 4, 5). The breccia contains thin interbeds <>' 
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L. C. Gerhard kindly examined specimens ofthe calc-breccias to 
assess a suggestion that the chips are algal. He finds no morphologic 
evidence pr internal striicture in the chips to establish the presence ot 
algae (notably chlorophytes) which could, in principle, contribute 
coarse skeletal debris. Moreover, Gerhard repons( 1973 written 

. commun.) that no Jurassic chlorophytes-are kriown which beir 
morphologic resemblance to.the.chips. The well-aligned vaguely 
bounded columns of dark organic material in chips are not skeletal 
structures, because parallel columns exist in partly recrystallized 
micrite clasts (Fig. 5). 

Because the chips are evidently nonskeletal, they must be 
presumed to be organic-rich rnicrite Jaminae or equivilentlv 
carbonate mudchips. Evidence of flexibility during deposition 
indicates that at least some chips were soft and incompletely 
lithified; Moreover, their apparently fragile character and angularity 
suggest the chips were not transported a great distance. The chips are 
evidently intraclasts, and the most likely origin of such mudchips as 
suggested by L. C. Gerhard, was as dessication clasts. The steady 
production, erosion, and marine deposition of the mudchips 
apparently required an intertidal environment. The mud surface was 

- ostensibly a seal to atmospheric oyxgen such that organic matter 
was at least partly unoxidized in the mudchips. There is no relict 
internal structure in the rnudchips. suggestive of origmal algal 
binding agents. 

Sparser clastic framework components.in the breccia are pellets 
and various coated particles with diameters between 0.1 and 0 6 
mm. Pellets are homogeneously micrite; no algal components have 
been resolved. Some pellets have a single very thin concentric nm 
Many with or without rirns have drusy rim cement. Superficial ooids 
or multicoated pellets have as many as four coatings; such particles 
are less abundant than pellets, and ooids are yet more scarce. Coarse 
calcite crystals of probable skeletal origin occuf within single or 
multi-coatings. A few veined pelletal aggregates exist. It is important 
to note that the.pellets and coated grainsare largely spherical, thus 
unstrained, in locally planar segments of the rriiddle member." It is 
thus clear that the fabric of the sedimentary breccia is not tectonitic. 

L. C. Gerhard (1973 written commun.) observed sparse-and 
poorly preserved fossil fragments in the calc-breccia. He found 
pelecypod and cephalopod debtis, and possible ostracodes. Such 
fragments indicate that the calc-breccia is marine. The shell 
fragments as places have micritic coatings and algal(?) borings as 
described by Bathhurst (1966). 

The cparser components of the sedimentary breccia form a 
compact framework whose interstitial volume is less than 10 
percent. The close packing is obviously due to the subparallel 
stacking of the carbonate mudchips and their draping around 
limeclasts. The interstices contain variably calcite riiud and sand-size 
calcite-quartz-pyrite. The sand matri.x is distinguished by its higher 
quartz proportion and abundant pyrite. 

Red silicate mudstone and sandstone and pebbly equivalents 
occur in a generally discrete subunit in the middle; member of the 
northern gypsum nappe; such rocks are absent in the southerri 
gypsum nappe. The silicate rocks are bounded by conformable 
contacts with sedimentary breccia which, moreover, occurs as 
laterally tapered fingers and isolated depositional lenses in the 
silicate rocks. The silicate rocks have a maximum thickness of about 
5 m; their thickness is proponional to the thickness of the member. 
The rocks are predominantly kaolinite mud containing various 
proportions of quartz silt or sand, detrital coarse white mica flakes, 
and finely disseminated iron oxides. Sorting is generally poor, and 
where it can be resolved, bedding is plane. 

At places, the silicate rocks are pebbly mudstone orsandstone; the 
clasts are commonly rounded, ill-sorted, and as coarse as 1 m in 
diameter. The most abundant clasts are dark micrite and variably 
recrystallized equivalents as in the fragmentail carbonate rocks.. 
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In both the calc-conglomerate and calcrbreccia of the middle 
member, two phases of recrystallization in the intraclasts can be 
recognized. The earlier phase corresponds to the production of 
microsparite and sparite in.the lower member and is at least partly , 
pre-middle member. The later phase involved strong hydrothermal • 
recrystallization, and by the proportionate degrees of such alteration 
in the lower and middle members, the hydrothermal event was ' 
post-middle member. • 't 

The temporal relations of the first recrystallization and deposition -
of the middle member are interpreted from the juxtaposition oi • 
micrite and sparite clasts and the existence within clasts of veiris cut y' 
by clast boundaries in conglomerate and breccia at places where 
effects ofthe later recrystallization are apparently absent. Further, in 
such rocks, the matrix contacts lithic clasts sharply and rnatri.x ; 
carbonate is not evidently texturally different .whether it contacts , 
micrite or sparite: clasts, implying the-variable recrystallization •' 
within lithic ftagments is pre-clast. The relations thus suppon .• 
evidence•from the morphology of clasts derived from the lower / 
merriber that they were lithified before erosion. j 

The recrystallization history of the carbonate mudchips in the f 
calc-breccia is more uncertairi than that of the lithic clasts. The \ 
microsparite and sparite of the mudchips are zoned in many chips 
such that the coarsest grains are in the chip center. The zonini; , 
indicates recrystallization after fragmentation. Boundaries of chip.s. 
however, arc sharp with respect to the matrix, suggesting that • 
recrystallization occurred prior to deposition. Thus, it is possible 
that the mudchips recrystallized during dessication and transport, 
possibly having started as aragonitic mud. On the other hand, •;. 
aragonitic mudchips could conceivably have been deposited ano ' 
then recrystallized to calcite without interactiori with the calcitf.' 
sand of the matrix. . j 
• The later phase of hydrothermal recrystallization is patchy in thi" , 

middle member, as is also the case in the lower member except at thf . 
northern.and southern ends of the outcrop area of the Loveloc> ! 
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rprrnation. There, a high degree of recrystallization pervades the 
.'prniation and at places makes the fragmental character of the 
-lidcllc member difficult tp recognize. Figures 3, 4, and 5 illustrate 
.j,j. crisation of lensy patches of colorless, coarse calcite 
••.Tieta-limestone) from clasts, mudchips, and matrix in calc-breccias 
during progressive alteration. The dark organic material in the 
_nidchips is preferentially retained relative to that in the limeclasts, 
'put the ultimate product is a completely bleached rock. The organic 
.-jrbon removed during hydrothermal recrystallizarion of the lower 
ji,d middle members may play an important role in generation of 
Imht-carbon rriarble in the upper member and rauhwackes of the 
Carson region (Speed and Clayton, 1974). 

Sedimentology of the Middle Member 

The middle member of the Lovelock Formation consists almost 
entirely of deppsits of allochthonous abraded and accretionary or 
ncgrcgarional carbonate parricles. In-place biogenic components are 
.iliscnt. The abraded particles are.largely coarse lithic particles, 
mudchips, and fine-grained calcite-quartz sand.. Accretionary and 
.ijy;regational grains are coarse sand-size pellets^ ooids, and skeletal 
particles. The member also contains minor extrabasinal silicate and 
quartz sand of presumed terrigenous origin. 

Perhaps 50 percent or more of the middle member consists of 
limeclasts of micrite and variably recrystallized equivalents. Coarse 
,i;l:ists are in the calc-cbngloirierate, the granule fraction is in the 
e.ilc-breccia, and rhe full size range occurs in the red siltstone. The 
limeclast population constitutes a homogeneous and continuoiis 
ilihic spectrum that corresponds closely to the spectrum of 
limestones of the lower rriember. The conclusion is that limeclasts of 
the middle member were derived solely from the subjacent rriember. 
• Dark limestones that exist sparsely in Jurassic pelites below.the 
Lovelock Formation could in principle have served as a limeclast. 
source. Such limestones, however, are s.andy and abundandy 
stromatolitic,and.are not easily confused with the limestone ofthe 
lovvermemberofthe Lovelock Formation. Moreover, iris difficult to 
omceive ofthe liriiestone of the pelite sequence as a source for the 
limeclasts of the middle member because of the absence of clasts of 
resistant sandstone arid siltstone which volumetrically predominate 
over dark limestone in the Jurassic part of the pelite sequence. -

Evidence is lacking for dating the hiatus between the lower and 
iiiiddle mernbers within the age Hmits of the formarion. Broadly 
considered, however, the eivents which changed the environment 
Irom silicate to micrite 'dirposition at the base of the Lovelock 
I'otmation were likely to have been related to those which ultimately 
ptovided conditions for gypsum (or anhydrite) saturation in marine 
w.-ucrs and deposirion ofthe upper member. Giveri such continuity, 
the clastic middle member was stirely related to the same events, and 
ihelimeclasts would be truly intraclastic (Folk, 1959; Wolf, 1960). 

Clast morphology and textural relations with the cprigiornerate 
'matrix indicate that the liriieclasts were af least moderately lithified 
htfore transport. Lithification was presumably concurrent with the 
rectystallization ofmicrite iri the lower member to microsparite and 
sparite. The question arises as to how such recrystallization could 
have occurred in a scheme of quasi-continuous evolution of the 
Lovelock Formation. Becausetheearly recrystallization of micrite in 
the lower member apparently involved oxygen-isotope exchange 
hctTA'een calcite and meteoric wafer, there must have occurred 
pnriial or total emergence of the micrite after deposition. The early 
recrystallization was thus a fresh-water diagenesis. Moreover, it 
•iollows that emergence provided the locaL sources of lithified 
'itneclasts for deposition as calc-conglomerate of the middle 
fnember. 

Limeclasts in the conglomerate and breccia of the middle member 
underwent modest lateral motion as indicated by their sorting. 

: rounding, and packing.. Tlie lithic homogeneity of the pebble 
population, the spatial coupling of the conglomerate to itsTclast 
source, and the variabiliry of thickness of the conglpmerate.aifgue 
effectively, however, that pebble transport was shoft'Jarid that 
extrabasinal input to the conglomerate was nik I envision that after 
exposure and diagenesis of the micrite sediments of the lower 
member, wave and (or) fluvial erosion dissected such rocks and 
created an irregular terrain. Fluvial erosion may have been 
important in local clast transport, but postulated streams were 
surely not connected to major terrestrial drainage systems that 
would have contributed extraclasric debris. 

The transition in the middle member from conglomerate to 
calc-breccia records the deposition of granule-size intraclasts and 
neat; exclusion of pebble and coarser sizes. The transition implies 
lateral and (or) vertical erosional retreat of the irregular limestone 
terrain and a change to a lower flow regime; Such changes were 
concurrent with the first recognized deposition of carbonate 
mudchips, coated grains, pellets, and skeletal particles. This particle 
assembly was derived frorri subenvironments that are common to 
shallow carbonate banks with latei-ally variable flow regimes. 
Mudchips were ostensibly dessication clasts on intertidal flats, ooids 
were probably generated at places of strong tidal flow or wave 
motion, and pellets were more generally lagoonal (Sanders and 
Friedman, 1967). Deposition ofthe calc-breccia thus reflects either 
the construction of a carbonate bank or perhaps the first pres
ervation of allochthonous bank-generated particles. I postulate that 

. erosion of the exposed, initially irregular micrite terrain, coupled 
with deposition of the calc-conglorrierate, smoothed the surface and 
created a lower relief littoral environment with much enhanced 
particle circulation. The flow regime during deposition of the 
calc-breccia was reasonably strong, however, because of the 
thorough mixing of various particles.and the absence of autoch-
thdrious micrite laminae whose presence would indicate flows 
locally too weak to rip off bottom mud. 

Fine-grained, calcite-quartz sand occurs in the middle member as 
generally discrete calcarenite beds or as the matrix of the coarse 
fragmental rocks. Such, sand thus appears to have existed 
throughout fhe deposition of the middle member. The calcite 
fraction consists entirely of abraded particles, apparently of Hthic 
origin. It is reasonable to assume that during deposition of the 
conglomerate, lithic carbonate sand accumulated in quieter waters, 
perhaps offshore of the eroding terrain. The quartz component 
could have been partly derived from the micrite and, perhaps as well, 
by longshore transport. The suggestion is that such sands formed the 
bank margin once the micrite platform was smoothed by erosion. 
. Beds of red mudstone and sandstone and quartz silt and sand in 

the rriatrix of fragmental carbonate rocks and calcarenite beds 
.indicate a terrigenous input into the postulated carbonate bank 
environment. Matrix quartz is ubiquitous and implies a sti:ady but 
small influx. The. red silicate rocks, however, have characteristics 
which suggest emplacement as a single pulse. The rocks are poorly 
sorted except where they grade irito sedimentary breccia; they 
occupy a singlestratigraphic interval in a restricted area (northern 
nappe only). Lastly, they contain a wide spectrum of sizes of 
matrix-supported clasts, some of which are intraclastic and some 
extrabasinal. Pickup and transport of the clasts would seem to 
require significant velocity and density of the fluid. The 
characteristics suggest that the red silicate rocks were emplaced as a 
mudflow into rhe depositional site ofthe sedimentary breccia. Local 
reworking produced some bedded silicate rocks and interfingering 
silicate and-carbonate layers along the margins of the mudflow. 
Regardless of mode of emplacement, the red silicate beds indicate 
breai:hment of a barrier (solid or fluid) which, had apparently 

; prevented large terrigenous input during preceding deposition ofthe 
middle member. 
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Upper Member 

R. C. SPEED 

The Upper irieifiber pf the Lovelock Tortnation is made up of 
gypsum and quartz calcarenite which are interlayered on various . 
scales from lamination to homogeneous beds 2 t o 3 m thick. The 
member also locally contains bodies of calcarenite breccia and of 
very coarse grained tectonitic marble. The contact ofthe upper and 
middle members is placed at the top ofthe sedimeritary breccia; the 
basal rocks of the upper member are conformable fine-grained 
thin-bedded calcarenite. The boundary is thus a sharp change frorn 
coarse fragmental carbonate rocks to carbonate sandstone; because 
calcarenite occurs in the middle member as matrix and as sparse 
discrete beds, the transition essentially records the cessation of 
deposition of coarse particles. The top of the upper member is 
apparently erosional, and it is inferred that beds of the upper 
member are the last marine deposits of. their stratigraphic 
succession. 

The upper member presents difficultieis in stratigraphic and 
structural analysis because thick surficial efflorescent gypsum coats 
much of the surface underlain by the member. A qualitative 
appreciation of the nature of the unit can be gained from mine faces 
and trenches, but spatial variability is impossible to determine at the 
surfaced Beds of the upper member are in isoclinal folds of set 1. 
Axial planes of the isoclines are minor-folded on northerly axial 
traces in harrnony with the megascopic refolding of the major 
recumbent folds in the nappes (Fig. 2). Calcarenite beds in fold limbs 
occur commonly in boudinage. 

The original stratigraphic thickness of the upper member is 
unknown. The preserved thickness is uncertain but is perhaps of the 
order of 100 m. 

Layered rocks of the upper member are various assemblages of 
gypsum-calcite-quartz-white mica. Laminated rocks are abundant, 
and they occupy stratigraphic intervals as much as several meters. 
thick. The larninae are 0.1 to 5 mm thick (Fig. 6). They are 
alternately homogeneous gypsum in anhedral mosaics and 
gypsum-calcite-quartz-mica. Calcite and quartz occur in generally, 
discrete equant grains between 0.1 and 0.2 mm in diameter at a 
relatively constant ratio (calcite-quartz grains) of 30. White mica is 
in trace quantities^ Very thin calcite-quartz laminae are essentially 
monoparficle layers of which gypsum is perhaps 50 percent. As fhe 
thickness of the^calcite-quartz laminae increases the proportion of 
gypsum diminishes, and the calcite and quartz grains are slightly 
coarser; Thin-bedded rocks are apparently rriore plentiful than fhe 
laminated ones. Here, gypsum containing disseminated granular 
calcite occurs in beds a few centirneters to a few tens of centimeters 
thick. The gypsum beds alternate with calcite framework 
quartz-calcarenite beds 1.5 cm thick which contain little or no 
gypsum. Still thicker beds are exposed locally; they consist of 
homogeneous coarse-grained gypsum up to 3 m thick and 
cross-bedded calcarenite or calcitic quartz sandstone over intervals 5 
m thick. 

Thick-bedded calcarenite occurs at the base of the upper member, 
but there apjsears to be no other preferred stratigraphic succession 
among the layered rocksof the upper member. Discrete calcarenite 
beds are estimated to constitute about 25 percent of the upper 
member. Inclusion of calcite and quartz iri laminae and disseminated 
in gypsum would increase the nonsulfate quantify another 10 tO 15 
percent. 

Gypsum associated vyith calcite-quartz in laminae or thin beds 
occurs in a mosaic of anhedral grains averaging about 50/x in 
diameter. In more homogeneolis gypsum layers, however, abundant 
eiihedral gypsum grains up to 5 mm in length occur with smaller 
anhedral grains. Some coarse gypsum rocks are nearly panidiomor-
phic. A few. coarse gypsum euhedra intersect laminae of 
calcite-quartz-mica and include the nonsulfate grains of .the 

lamination without modification. As indicated below, calcite, 
quartz, and mica are believed to be clastic particles. The textures 
suggest that the coarse gypsum grains have grown at the expense of 
former finer grained anhedral gypsum which commpnly js 
associated with the nonsulfates. Moreover, there is a. preferred ' 
orientation of (001) of coarse gypsum grains which parallels axial 
plaries of minor folds as wt;llas a grain-shape lineation. The coarse 
gypsum thus appears to be postdepositional and probably i s * 

. synkinemafic with first deformation, ostensibly during the creation 'j 
of the major recumbent folds before or during nappe transport. s 

One would predict that sulfate in a tectonic and hydrothermal • 
environment like that of the Lovelock Formation would have I 
undergone multiple dehydrations and hydrations in its history. It. | 
thus may be questionable whether,recrystallization fabrics should | 
reasonably be assigned to deformation early in the formation's 1 
history. Anhydrite, however, is currently unrecognized! in surface ') 
rocks ofthe Lovelock Formation, and to my knowledge, it has not '-. 
been found by drilling. Textures provide no evidence for V 
replacement of anhydrite by gypsum or the former existence of I 
nodular anhydrite. • f 

The calcite-quartz-mica laminae and calcarenite beds are ? 
well-sorted deposits of fine-grained and very fine grained sand. The | 
interpretation is based on the occurrence of discrete, equant grains in ' 

. laminae, the similar.size of quartz and calcite, and the low-an^le .' 
cross-bedding. Biogenic, pelletal, or oolitic grains are apparently 
absent in these rocks. . -' i 

Gypsum and calcarenite of the upper member, were deposited .1 
', conformably and in probable temporal continuity with fragmenfai i 

rocks of the middle member. The concomitant disappearance of I, 
mudchips and coated and skeletal particles from the section with the 
onset of evaporite deposition suggests deepening and decrease in '̂  
circulation coupled with increased salinity. Such changes may have •'. 
been in conjunction with landward transgression of the | 
environments represented by the middle member. The accumulation ; 
of locally thick pure sulfate implies precipitation in standing water •' 
and the existence of a barred basin. Alternation of gypsum with '• 

, calcarenite that includes quartz of ostensible terrigenous origin 
indicates, however, sOme degree of particle transport. The laminated * 
rocks (Fig. 6) surely indicate periodicity, tidal or diurnal, oi ~, 
deposition; thin-bedded rocks rriight similarly represent lower , 
frequency periods: The rocks are not dune accumulations, judgini; i, 
from the absence of appropriate structures; the evaporite is not j 
supratidal, because it fortns the rock' framework and does not:>. 
apparently disrupt calcite-quartz beds (Kinsman, 1969). The | 
deposition of evaporites over Httoral deposits ofthe middle member f 
indicates subsidence of at least 100 m ofthe evaporite basin relative • 
to its rnarine barrier. . . ' 

Calcarenite of the upper member is similar in composition and : 
grain size to fhat in subjacent members except for a possibly finer ,• 
mean size. The implication is that calcite-quartz sands weri-| 
continuously generated during the history of the LoveliK-'-̂  

• Formation. If such sands constituted a bank margin at the onset n! } 
deposition ofthe middle member, they may have contributed to the'; 
barrier that existed during evaporite precipitation. | 
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' i n i i r Marble in the Upper Member 

The upper member contains bodies of calcite marble which arc,! uUit 
clearly postdepositional. The existence of marble in the Loyelot^; hn-ev: 
Formation is an important link in the interpretation of the origin n' i 
rauhwackes in rhe Carson region. I 

Marble consists of coarse-grained (1 to 5 mm) calcite with -< ' 
granoblastic texture, and at places, a megascopic grain-shap* i 
foliation and lineation. Colorless marble at places contait--'J I'r̂ '̂ K 
interlayers of gray to black finer grained crystalline calcite r(.>i'| ''ii.'t.it 
which gives strong emission of HjS when broken. Where layet'^'-i '''«id 
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• .wlin.il folds are evident in the marble. Rocks classed as marble are 
!j.,rly coarser in grain size than the sparites, and they are borh 
I.ir.̂ er grained and far more uniformly granoblastic than the, 

., jri'thermally altered meta-limestone below the upper member. 
Biidies of marble occur iri the upper member in the nprthefri and 

\,i,iihern nappes. An extensive but thin (0.5 to 5 m) body of 
.r^joriitic marble lies along the thrust contact of the upper mernber 
j.,d rocksof the pelite sequence over a distance of about 1 km in the 
..orthcrn nappe. Here, a zone of,breccia Separates gypsum from the 
.Tijrblc. The position of this marble body is suggestive that its origin 
.;.jv be connected wifh thrusting. Another body of marble of 
i.iitcrop dimensions 30 m on a side is surrounded by gypsum. 
Vtarble is brecciated at the contact, and gypsum fills the cracks. A 
,j,,rd body of marble, about 100 m long, occurs at fhe base ofthe 
•(ipoer member. The body is about 20 m thick and is apparently 
.pverlain by gypsum. The marble contains intercalated cross-bedded 
..ilcarcnite in layers which parallel the top'of fhe middle member. 
Ihe relations suggest that gv'psurrt was removed and coarse calcite 
..eis.eniplaced. The calcarenite and adjacent carbonate rocks of the 
middle and lower members are not recrystallized to grain sizes 
Viuiiparable to those of the marble, and fhe origin of the marble is 
pruhlcmatic. Similar rocks occur in the rauhwackes of the Carson 
ifi;i()n, and an origin by calcitization of'gypsum is proposed on 
^iructural.and isotopic grounds (Speed and Clayton, 1974). 

lUeccia in the Upper Member 

Stone and others (1920) observed in underground workings fhat 
i'reccia was abundant near the base of the gypsurn. Carbonate 
I'reccia. is in fact widespread in the upper member of the Lovelock 
liirmation in sporadic bodies which are topographically (not 
%:ratigraphically) below gypsum-bearing sections. 

"Fhe simplest breccias are monolithologic calcarenite bodies. They. 
consist variably of intervals 1 rri thick of undisrupted folded-
:hi]i-bedded fine-grained calcarenite which grades to fragmented but 
uiirotated calcarenite beds to framework breccia of rotated 
::agnients and (or) to .pebbly sandstone.. The matrix of the 
iragrnental rocks is well-sorted fine-grained calcite and quartz sand; 
slie same sand-size components constitute the framework of fhe 
pebbly sandstone. This type of breccia clearly has correlative degrees • 
'ii Iragnienrarion and of sand to lithic clast ratio. , 

1 he prevalent monolithologic calcarenite breccia within the 
'pi'ctrum is a framework of co-oriented bed segments without size^ 

•sorting and with calcite-quartz sand matrix. Intervals as much as 1 m 
,;hick of clast framework may alrernate with matri.x-rich layers. 

Calcarenite clasts in breccias have the same grain-size spectrum 
Very fine grained to nearly mediiim grained) and bed thickness 
t-inge as does calcarenite in place in the upper member. The breccias 
•ire unquestionably accumulations of such rocks. Where calcarenite 
1- interbedded vvith gypsum in the upper member, breccia is absent, 
i'Uis implyinig that intraclastic sedimeritary breccias were not a 
•iornial rnode of calcarenite deposition. Conversely, the absence of 
opsiim in calcarenite breccias and the similarity of calcarenite 
j'reecia clasts to calcarenite in the gypsum section strongly indicate 
:hjt the breccia originated by solution of sulfate and graVitarional 
•"..cumulatiori of the undissolved fraction. Solution of sulfate in the 
'Jrninated and thin-bedded rocks which contain largely discrete 
.alcite and quartz sand grains would provide free sand for the 
^teccia matrix and unbedded pebbly sandstone. The preservation of 
f<-!;ments of continuous calcarenite alternating with fragmented but 
«-el!-ofienfed calcarenite and with pebbly sandstone indicates a 
••-•idy .uniform withdrawal of sulfate from the rocks and 
•"ncomitant compaction of the insolubles. The final Corripacted 
"'('ducts i-eflect their initial sul fate content. That is, in the absence of 
'-•'.Ite, no breccia is developed; interbeds of sulfate and calcarenite 
.'itld calcarenite breccia; and where calcarenite beds were lacking. 

only dissemiriated calcite-quartz sand accumulates. Compaction 
solution breccias are clearly different from collapse,breccias in that 
motions are nonacceleratiye such that original stratigraphic 
ordering is,better reflected in the compacted products. Mpreover, 
cavities would not be created in steady compaction, and lateral 
sorting and transport by subsurface streams would, in principle, be 

. absent. Stanton (1966) found evidence that certain .solution breccias 
in Montana accumulated by compaction rather than collapse.. 

Large masses of polymict breccia occur in the upper mernber in 
apparent association with certain structures. The clasts are largely 
calcarenite, as in the monolithologic breccia, but they are mixed 
with clasts of other lithologies along the borders ofthe breccia body. 

The largest body of polymict breccia occurs in the nonhernmost 
outcrops of the Lovelock Formation, and together with a 
coextensive belt ofmarble, it comprises the upper member for about 
1 km south of the northern margin of Figure 1. Gypsum is absent 
over this interval. Here, marble forms the margin of the formation, 
and the east side of the marble belt is the thrust which begins 
the overturned Lovelock Formation over Jurassic pelite. Breccia 
occupies the 10- to 20-m-thick zone between marble and the middle 

, member..The breccia is chiefly calcarenite with calcite-quartz sand 
matrix, but isolated angular blocks of marble as much as 1 m across 
occur sporadically in the breccia. Within a meter of the contact of 
breccia and marble, the breccia consists largely ofmarble clasts, but 
it contains the same sand matrix as in calcarenite breccia. In the 
vicinity of some major fold hinges, probably of set 2 folds, the 
breccia has highly stretched clasts ostensibly iridicating that the 
breccia is pre—set 2. South from the sulfate-free zone, the breccia 
grades to bedded gypsum and calcarenite except at the formation, 
top, here upside down. A thin marginal belt of marble and 
marble-calcarenite breci:ia and calcarenite breccia totaling about.3 
m thick continues south between the thrust on the east side and the 
gypsum-calcarenite of the upper member for about V2 km. 

The marble was clearly formed before the breccia. In the 
gradational zone, however, the thickness of the breccia and the 
frequency of marble clasts are proportional to the thickness of the 
marble, possibly suggesting a genetic connection of marble and 
breccia. The thickness ofthe breCcia is also inversely proportional to 
the thickness of the gypsum, and significantly, to fhe thickness ofthe 
formarion as a whole. The latter relations together with the 
similariry of calcarenite clasts and sand of the polymict and 
monolithologic breccias surely indicate that the polybreccias are 
also of solution origin. The problem is—how did large fragments of 
marble get into the calcarenite breccias? 

A possible solution to the postulated transfer of marble clasts 
during breccia formation is that cavities and subsurface flows 
existed in the particular polybreccia under discussion. Evidence for 
open spaces is that some of the finer grained calcarenire breccia is 
size sorted, and the sand of associated pebbly sandstone is modestly 
bedded. The polybreccia thus differs from the monolithologic type 
which exhibits no recognized sorting. The polybreccias in general, 
however, have characteristics better explained by compaction than 

. collapse. In particular, there are no assemblies of large mixed 
fragments including a concentration of marbleclasts as might be 
predicted from the collapse of a cavern roof. 1 think that mechanical 
transfer is an unlikely origin for the marble clasts. 

A preferred origin is that the marble blocks are more or less in 
place, and they simply compacted diiring sulfate solution, along 
with calcarenite. The implication is that calcitization of gypsum, as 
referred to earlier, occurred within the upper member as well as at its 
margin. The calcitization, moreover, was earlier than dissolution of 
sulfate. Support for internal calcitization obtains from the 
occurrence of 3 large marble body, previously described, completely 
surrounded by gypsum. Conceptually, dissplutiori of gypsum and 
precipitation of calcite could have been concomitant as a 
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replacement process. Calcite precipitation was perhaps then 
arrested by change of solutiori composit ion, but sulfate continued to 
be,;.dissolved, thus producing breccias with marble fragments; The 
covariant thicknesses of the breccia and continuoiis marble as well 
as the other proportionalit ies support the idea. 

Another type of polymict breccia occurs in the upper member, 
chiefly in the hinge regions of major folds. As with the first type,! 
monolithologic calcarenite breccia is predominant , b u t near the 
contact o f the upper and middle members , clasts of carbonate rocks 
from the middle member are mixed with the calcarenite clasts in a 
zone a few meters thick.-A few clasts of highly altered microdiorite 
were observed in these polymict breccias. Such breccias are largely 
rnassive and lack preferred fragment or ientat ion; the matr ix is sandy 
calcife-quartz-pyrite. The massive breccia, however, locally grades 
laterally to unbedded pebbly sandstone with good pebble-preferred 
orientat ion. The lateral gradat ion of breccia to sandstone suggests at 
least local collapse and.lateral t ranspor t of finer particles.by waters 
flowing through a cavity network. : , -

The association of breccias containing clasrs of the upper and 
lower niembers and fold hinges is suggestive of tectonic brecciafipn 
as a facton One hypothesis is that hingeward flow of sulfate arid its 
associated bedded and disserninated carbonate occurred during 
major isoclinal folding. The more competent middle rriember 
fractured during flexure, and materials of the upper member invaded 
the fractures. Subsequent solurion of sulfate rendered a zone of 
mixed carbonate clasts in the viciriity of the contact of the.upper and 
middle members; 

If correct, the hypothesis indicates that solution brecciation was 
post—set 1 folds. The occurrence.of other breccia bodies in the upper 
member topographically below gypsum but independent of any. 
stratigraphic control,, strorigly supports the development of 
recumbent major folds before breccia formation. The;existence of-
fragments of igneous rocks indicates a period of intrusion which is 
postgypsum but prebi-eccia. The age,ofthe solution breccias is thus 
not certain, but if the postulated calcitization of sulfate, and 
dissolution of sulfate were in fact penecontemporaneous, the 
solution breccias were formed during or shortly after emplacement 
of the nappes in w'hich the Lovelock Formation occurs: The 
reasoning is that elsewhere in the West Humbold t Range, extensive 
marbles (which are believed to be calcitized sulfate) and calcarenite 
breccias are intruded by gabbroic rocks of Middle Jurassic age. It is 
probable t h a t the upper member of the Lovelock Formation was the 
precursor to all of these marbles and breccias. 

Diagenetic and Epigenetic Events 

Each of the members of the Lovelock Formationisaffected by one 
o r more'stages of textural reorganization, fhe conditions of which 
are impor tant in interpretations o f the evolution.of the formation., 

An early stage of recrystallizarion of micrite of the lower member 
occurred before deposirion of intraclastic fragmental rocks of the 
middle tnember. Providing the temperature was 100°C or less, the 
isotopic ranos of microsparite indicate oxygen exchange of an initial 
marine calcite vvith fresh water; There is surely no indication by 
grain size of the products microsparite and sparite that the 
temperature of such recrystallization was elevated significantly. 
Thiis, I interpret the early recrystallization of the micrite to have 
been a fresh-water diagenesis that occurred in the micrite after it was 
exposed, either tectonically or eustatically. Erosion of the lower 
member to provide clasts for the middle member surely required the 
lower member to have been raised above wave base. It is thus 
reasonable to ally exposure andlifhific.a tion of the carbonate mud by 
fresh-water diagenesis as concomitant events. 

Carbonate rocks in the lower and middle members have locally 
undergone more intensive recrystallizarion due to hydrothermal 
fluids. Isotopic evidence suggests (Speed and Clayton, 1973) t h a t t h e 
temperature of such recrystallization was ^ 2 0 0 ° C . The meta-
limestones of the hydro thermal phase are most abundan t in the 

middle, member and at the stratigraphic tOp of t he lower nierriber. I 
The distribution suggests fluid t ranspor t through zones in o r above <* 
the middle rriember and local penetrat ion stratigraphicalk. 
downward into the lower member. Such flow paths are entireK f 
reasonable because of the large permeability contrast that p robab l i ' ; 
existed between the lower arid middle members . . 

: Where the hydrothermal phase is most intensive in the middle and 
lower members , extensive solution breccia, occurs in the upper 
member, The relation suggests that dissolution of sulfate and ' 
recrystallization of soriie adjacent carbonate rocks were concomi- ' 
tant . Further, if it is correct that calcitization of gypsum was v* 
cont inuous with dissolution of gypsum, calcitization was thus • 
penecontemporaneous with' the later, recrystallization of the | 
carbonate rocks. , ' . ,1, 
'••The hydrothermal recrystaU'izadon of the limestones and 

calcitization arid solution in the upper member are clcadv > 
postdeposit ional and occurred apparently during or after folds of set 
1 and nappe transport . Such events thus are epigenetic. >s 

Summary and Sequence of Events f 

Deposit ion of. firie-grainted silicate sediments together with less j 
abundan t carbonate occurred with lateral uniformity in shallow seas • 
of the Carson region during the Early Jurassic, from the systemie i 
boundary to early Toarcian or later. Between early Toarcian and -: 
Bathonian t ime , the inf l i ixofs i l ica temudand silt ceased at the site in 7 

. which the Lpvelock Formation was to be deposited, and deposition ,' 
of . carbonate mud and sparse terrigfenoiis sand followed | ' ! 
conformably in a probably euxinic environment. Thus , the changes ;' 
:recorded by the deposition of sediments o f the lower member ofthe . 
T o v e l p c k Formation are principally the effacement of the silicate'i 
mud source or bypassing of the silicate mud influ.x. 
.Succeed ing events involving the Lovelock Formation up to the ' , 

deformation forming fold set 2^ are also in the interval,, earlr-
Tparcian-Bathonian. The 'nex t event after micrite deposition wa< ,-
subaerial exposure and fresh-water diagenesis followed by fluvial of' 
littoral erosion. Competen t intraclasts dei-ived. frorn the lithitied 

-micrite vvere laid dovvn in 'close-proximity to their source as the 
gravels-of fhe conglomerate of the middle member. Succeedinc.; 
deposits of-the calc-breccia are accumulat ions of particles from a ) . 
riumber of subenvironments of the littoral zone. These deposits'; 
ostensibly represent, significantly greater lateral t ransport and S 
mixing than do those of the calc-conglomerate and deposition in a i 
lower flow: regime. Progressive erosion wore down the pebble;' 
sources, smoothed the terrain, lengthened particle t ransport paths... 
a n d ' provided^ a genera! change- to a low-relief carbonate bant ^ 
environment. The excellent-mixing and strarification of thediversi' s 
particles of the calc-breccia indicate, however, tha t circulation at'iii ,;, 
turbulence of marine waters on the bank were significant. A possible / ' • 
mudflow of silicate, intraclasric, and extraclasric detritus î  » 
envisaged as entering the littoral zone, implying riearby inland relici >: 
of at l eas tmodes t degree. . f 

Deppsirion of 100 m-or more of sulfate and calcarenite followai.« 
"conformably above the calc-breccia. The sulfate rocks formed ai 
least in part by direct precipitation from standing water , implyi"^ -' 
growth of a barred basin. Onset of sulfate deposition wa ' ' . 
synchronous with local effacement of the earlier carbonate bant»' 
environment, due either to deepening or landward transgression ni'-. 
the bank environment represented by the middle member. . ' ; 

-• The nature and sequence of events associated with cessarion "' ? 
deposition of the Lovelock Formation are not certain. Onf •• 
possibility is upl i f tand marine wi thdrawal , then folding and napp* 
t ransport . Another possibility is that folding, was actual'? ^ 
commensurate W'ith deposition of the middle and upper member.-.̂ vf 
that is, they, were deposited in a synclinal trough. Incrt.i«i- • 
deformation, nappe motion, and perhaps, regional uplift finah'J 
obliterated the itiarine basin. -I ' 

The Lovelock Formation in the gypsum nappes was foltl''^ | P 
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•r^umbently before or during nappe emplacement. Calcitization of 
;j|j';itc occurred at places, chiefly where sulfate was at the base ofthe 
.,npe. Thus, calcitization is probably postrecumbent folding, 
'•.ijsolution of sulfate, formation of solution breccia by compaction 
,,,J sparsely, by collapse, and iritensive hydrothermal recrystalliza-
•,i(in of limesrones were postrecumbent-folding events in the 
lyivelock Formation that were possibly penecontemporaneous with 
jjleitization. 

i'hepiling-up of nappes was cprnpleted by about 163 m.y. ago, 
approximately Bathonian or earlier time. Structural relatioris 
•iiugcst that the nappesWere emplaced in a major syncline which 
Continued to fold on a northerly axial trace and then, to be refolded 
,.in an easterly axial trace. 

Tectonism during Deposition 

The occurrence of tectonism as manifested by folds and nappes in 
ihe Carson region and the deposition of the Lovelock Formation 
were closely spaced in time, in the Toarcian-Bathonian interval. The 
l.dvelock Formation apparently contairis fhe youngest deposits in 
llie Mesozoic succession in the area, and its sedimentsrepresent an 
ilirupt lithic.change frorri the relatively uniform subjacent Jurassic 
velitc. The question thus arises whether the deposition of all or part 
111 the Lovelock Formation records the onset of tectonism, such that 
deposition was syntectonic.: The alternative is, that the Lovelock 
jo't̂ ination is pretectonic, and its lithic succession is owing only to 
lateral motion of depositional regimes, perhaps coupled with 
nistatic sea-level changes. 

Hach lithic subunit of the Lovelock Formation could have formed 
in a tectonically stable littoral-neriric complex. The lower member 
could have been lagoonal, provided that fhe silicate influx vvas low. 
Ihe conglomerate rnay represent beach gravel eroded and deposited 
during rapid lowering of sea level. The breccia is an accumularion of 
allochthonous particles from shallow bank environments. The 
.ivapdrite-calcarenite sequence was perh.aps deposited in a marginal 
basin during asea-levelrise in vvhich the basin barrier grew vertically 
.it just the right rate to adjust the normal marine inflow for gv'psum 
viiiiration within the basin. 

In their vertical succession, however, the subunits of fhe Lovelock 
I'ormarion cannot have : been produced solely by laterally 
propagating environments as is occurring, for example, in .the 
i'ersian Gulf (Kinsman, 1969). Oscillation in water depth with rime 
H-enis required by the follo-vving observations: 

1. The basal micrite was deposited in a euxinic environment;, it 
was then uplifted as indicated by probable fresh-water diagenesis 
Jiid certainly by its wave and (or) fluvial erosion. 

- . T h e existence in the middle member of 
>kelctal-o6pelletal-intraclastic calc-breccia above calc-
i>>ngl6rrierate indicates significant mixing of particles from a variety 
*>! marine subenvironments over wave or.fluvial gravels, hence 
probable slight submergence. 

•1. The accumulation of perhaps 100 m of evaporite and 
••^sociated carbonate of the upper member over clearly littoral 
-̂ ^posits of the rriiddle member indicates subsidence of at least 100 m 
^tvveen the terrestrial shoreline and the evaporite basin barrier. The 
"•ibsidence indicated here was likely coupled to the submergence 
•̂ ited above. 

Hach of the bottom morions could have been eustatic or tectonic. 
•tir example, sudden rise in sea level after deposirion of calc-breccia, 
•i'upled with construction of a barrier bar at the former, bank 
^•-rgin, couldinprinciple have producedthe barred evaporite basin. 
•/I.e" distinction between eustatic arid tectonic changes of sea level is 
•'''.iriy difficult because the srnall lateral exposure of the Lovelock 
• ''mation precludes analysis of its lateral differenriation. Mori 
••''adly, however, the demonstrable ternporal proximity ol 
•^position of, the Lovelock Formation and folding and nappe 
•^placement surely favor tectonic effects and acceptance of the 
•'''Posirion that;.the Lovelock .Formation is syntectonic; The 

corollary is that the sequence of paleoenvironments indicated by the 
Lovelock Formation represents the transition in surface conditions 
from initial bpenmarine silicate deposition to that of an emergent 
tectonically acrive terrain. 

STRATIGRAPHIC CORRELATIONS 

Within the northern Carson Sink region (north of 48° N.), the 
Lovelock Formation appears to be the only vestige of originally 
widespread gypsum-carbonate deposits that are nowrepresented by 
bodies of carbonate breccia and marble, the rauhwackes (Sf)eed, 
1974). Thirty km south of Gypsum Moiintain in the Mopung Hills 
at the southern tip of the West Humboldt Range, however, a napf>e 
contains an undated assembly of gypsum, calcarenite, dark micrite, 
breccia, and quartz arenite! The strong lithic resemblance of the 
Mopung Hills rocks and those ofthe Lovelock Formation and their 
siniilar associations vvith Jurassic pelite are sufficient to indicate 
probable correlarion. As in thecase ofthe Lovelock Formarion, the 
Mopung Hills rocks can also be interpreted to be an isolated 
remnant of evaporite deposits that escaped complete conversion to 
rauhwacke. It should be noted that the Mopung Hills deposits 
contain significant volumes of quartz arenite, whereas discrete 
quartz sandstone deposits are rare in the Lovelock Formation. 

In the Dixie Valley region east ofthe Carson Sink, Speed and Jones 
(1969) found that syntectonic quartz arenite of the Boyer Ranch 
Formation was deposited in the same duration that is here given for 
the Lovelock Formation. Later studies indicate that the westernmost 
Boyer Ranch Formation in the Stillwater Range (Speed, 1974) 
contains rauhwacke such that it is inferred that gypsum-carbonate 
units originally existed in the Boyer Ranch Formation. The lithic and 
temporal relarions allow correlation of the Lovelock and Boyer 
Ranch Formarions. The existence of gypsum-quartz arenite-
limestone in the Mopung Hills clearly supports the contemporaneity 
of evaporite and quartz sand deposition, in the Carson region in 
Jurassic time. The paleogeographic evolution as it relates to'Middle 

: Jurassic tectonism will be expanded in another paper. 
A large undated deposit of gypsiim occurs wifh carbonate rocks in 

the vicinit)' of Gerlach, Nevada, 80 km northwest of Gypsum 
Mountain (Fig. 1). Layered rocks that ci-op out in fhe intervening 
distance are.Triassic and Jurassic pelites (Tatlock, 1966) which are 
sirriilar to those of the Carson region. Because evaporite deposits are 
unknown in the pelites, it is reasonable to suggest that the Gerlach 
sulfate deppsits are correlatives ofthe Lovelock Formation or, more 
generally, that they are post pelite. If such long-range correlations are 
correct, evaporite deposits of Toarcian-Bathonian age may have 
extended over a large terrain west of the Carson Sink. Judging from 
the history ofthe Lovelock Formation, evaporite deposition seems 
more likely in a series of tectonically barred basins than in a single 
continuous sea. 
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Introduction 

The Star Peak Group is a distinct natural grouping of largely marine 
; caJcareous strata that,range from.Early to middle Late Triassic age and 
that occur in scattered exposures within an area exceeding 5,000 km- in! 
northwestern Nevada (Fig. 1). Where the group is completely preserved, 
it attains thicknesses exceeding 1,000 m. The genetically coherent carbonate 
platform complex represented by the Star Peak Group contrasts sharply 
with the overlying Auld Lang Syne Group which "consists of metapelitic 
rocks and sandstone. The Star Peak also contrasts with the unconformably 
underlying Koipato Group^ which is composed of volcanic and clastic 
sedimentary rocks. 

The Star Peak Group was first recognized as a major natural subdivision 
among the pre,-Tertiary strata of northern Nevada more.than 100 years 
ago during the initial exploration of this region by the 40th Parallel Survey 
under the direction of Clarence King, Since then, much knowledge about 
the depositional and tectonic history of the Star Peak Group has accumulated. 
The main obstacles to a coherent regional depositional synthesis of these 

' rocks have been their discontinuotis outcrops, difficulty in ascertaining 
the extent to which they have been rearranged by thrust faulting, and 
misinterpretation of massive secondary dolomite umts in the lower part 
of the section.-

All of the major components of the Star Peak Group are explicable 
in terms of. a complicated pattern of carbonate deposition and diagenesis 
and contemporaneous tectonism. The regional synthesis presented in this 
paper describes an unusually compact example- of lateraland, vertical 
interrelations representing depo!sitionai environments that range from su
pratidal to below wave base (Fig. 2), Geologic maps of the Star Peak 
Group exposures that are significant for stratigraphic nomenclature and 
correlation ai-e shown in Figure 3; a fence diagram illustrating the strati^ 
graphic relations aniohg these and other exposures of the group is shown-
in Figure 4. The Triassic carbonate units consist of diverse rock types 
that are best understood in terms of the environments in which they were 

-<ieposited. Accordingly, a new scheme of stratigraphic nomenclature is 
proposed herein based on revision and documentation of the ages, correla
tions, and stratigraphic relations of the Star.Peak components (Fig: 5). 
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Although the correlations, stratigraphic relations, and rank of previously 
named forma!tions of the Star Peak Group have been revised, their lithologic 
boundaries have not been changed from those embodied in.their original 
descriptions. Our revision has entailed incorporatiiig.some previously named 
units into others and dropping one nanie, the "Natchez Pass Forhiation." 

REGIONAL GEOLOGIC SETTING 

As first described by King (1878), typical exposures of the Star Pealk 
Group are found in the vicinity of Star Peak in the Humboldt Range,! 
where they were subsequently shown to be repeated structurally, and to 
include fault blocks of the stratigraphica!lly underlying Koipato Group. 
Nonetheless, the name "Star Peak" was correctly.applied, in part, by 
King (1878) to isolated exposures of Triassic carbonate rocks elsewhere 
in the Humboldt Range and nearby irariges to the east. Subseqiient study 
of the northern Humboldt Range by Cameron (1939) coritribuited to under
standing Ihetypical Star Peak section. This and work on the comparable 
Triassic rocks in the ranges; to the east by Ferguson and others (1951a) 
enabled Silberling and Wallace (1967, 1969) to.piece together the stratigraphic 
section of the type. Star Peak. 

For strata that are now regarded ias parts Of the Star Peak Group in 
the Sonoma Range one-degree.quadrangle (Fig. 1), Muller and others (1951; 
see also. Ferguson and others, 1951a, 1951b, 1952) established many new 
formations in order to express both lateral variadon and the differences 
between sections that were interpreted as having beeii juxtaposed by tens, 
of kilometres of displacement on the inferred "Tobin thrust" (MuUer, 
1949). So as not to prejudge the magnitude of this inferred thrust, Muller's 
supposed "Upper Plate (eastern) facies" and "Lower Plate (western) facies" 
of Triassic rocks in the Sonoma Range quadrangle were informally designat
ed, respectively, as the "Augusta sequence" and "Winnemucca sequence" 
by Silberling and Roberts (1962). 

Detailed,work by Burke (1970b, 1973) in the southern Tobin Range, 
through which the typical trace of the "Tobin thrust" was supposed to 
extend, demonstrates that no such thrust fault exists and that the differences 
between the ".Winnernucca" and "Augusta" sequences can be explained 
for the most part by rapid facies changes. Moreover, other recent firidirigs 
regarding the character and age of thrust faulting in north-central Nevada 
(Silberling, 1970, 1973; MacMillan, 1971, 1972; Nichols, 1971; and Speed, 
1971a, 1971b) indicate that the Star Peak Group rocks were not drastically 
rearranged by regional thrusting. The Golconda thrust, which does juxtapose 
entirely different upper Paleozoic facies in this region and was regarded 
originally as the same structure as the "Tobin.thrusi," evidently predates 
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10 NICHOLS AND SILBERLING 

Figure 5. Time-stratigraphic correlation chart of the Star Peak Croup at localities significant 
for stratigraphic nomenclature. Small circles represent occurrences of age-diagnostic fossils; 
.stippled pattern indicates secondary dolomite; vertical ruling indicates stratigraphic hiatus, and 
diagonal ruling indicates lack of data. 

deposition of the Star Peak Group, part of which overlaps the Golconda 
thrust (Nichols, 1971; Silberiing, 1973, 1975). Displacement on the Golconda 
thrust in north-central Nevada mos' likely took place during the Sonoma 
orogeny in latest Permian or Early Triassic dme.. Therefore, lateral changes 
in Triassic rocks deposited subsequent to the Sonoma orogeny must be 
explicable without calling upon large-scale tectonic rearrangement, and 
separation of the Triassic strata into the tectonically delimited "Winriemuc-
ca" and "Augusta" sequences is no longer useful. Instead, these rocks, 
lend themselves to. treatment as a single lithologic entity whose internal 
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variations (see Fig. 4) reflect a coherent, albeit complex, pattern of 
sedimentary environments. The lateral relationships do indicate, however,, 
the possibility of some tectonic telescoping of facies on low-angle faults 
within the Star Peak Group, particularly in the three places in the fence 
diagram indicated by gaps across which lithologic correlations are ques
tioned. These localities are in the northern Stillwater Range, southern Tobiii 
Range, and between the East and Sonoma Ranges. 
. The Star Peak Group either rests unconformably on rocks of the 
predominantly volcanic Koipato Group, (Fig. 2) which overlaps the Sonoma 
orogenic belt or, where.the Koipato was removed by erosion, the Star 
Peak rests directly on the deformed Lower Perihian and older(?) rocks 
of the Golconda allochthon. Deformation during the Sonoma orogeny is 
well shown at the south end of China Mountain (Fig. 6). Here the Hoffman. 
Canyon thrust separates two parts of the intensely defornied. Golconda 
allochthon having contrasting tectonic fabrics, and the thrust is overlapped 
by the nearly flat-lying tuffaceous rocks of the Koipato Group (Nichols, 
1972). The Star Peak carbonate rocks in turn overlie the Koipato. 

All qf the known exposures of the Star Peak Group and closely related 

f STAR PEM- GROUP 

Figure 6. View eastward across Hoffman Canyon at China Mountain showing trace of the 
Hoffman Canyon. Thrust, the Koipato Group, and part of the Star Peak Group. Rock-unit 
symbols correspond to those in Figure 3, except for the Golconda allochthon wherein Ph denotes 
the "Havallah Formation" and Cp the "Pumpernickel Formation," both after Ferguson and 
others (1952). Photo by S. VV. Muller, about 1935. ' 
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12 NICHOLS AND SILBERLING 

Strata are confined to the Humboldt Range and the ranges within the Sonoma 
Range quadrangle, except for isolated outcrops in the New Pass, Toiyabe,-. 
and Shoshone Ranges. Rocks belonging to the group have so far received, 
only limited description in the form of map explanations, student.theses,, 
and a few geographically restricted studies. These rocks had not previously 
been considered as agenetically coherent group having wide regional extent. 
Some atten>pt al interpreting the regional depositional framework of the 
Star Peak Group in the Humboldt Range was made by Silberling and Wallace 
(1969) who recognized in the type Star Peak exposures the same formationa] 
units that were defined by Ferguson and others (1951a) in the East Range, 
the next range to the east. Geographically restricted research by Burke 
(1973) in. the southern Tobin Range, by Nichols (1972, 1974) at China 
!Mountaiii, and by the Stanford Geological Survey sumrrier field camps 
in the Augusta Mountains during 1970 and in the northern East Range 
during 1971 improved knowledge of the distribution and correlation "of 
previously recognized subdivisions within the group in the vicinity of the 
Soiioma Range quadrangle. Farther east, near Hall Creek in the northern 
Toiyabe Range, Stewart and McKee (1977) discovered a large exposure 
of Triassic carbonate and clastic rocks that resemble part of the Star Pe;ak 
Group. Rocks exposed in small areas in the northern Shoshone Rarige 
were compared by Gilluly and Gates (1965). with the. China Mountain 
Formation but are now recognized as part Ofthe Star Peak (Nichols, 1971). 
In the New Pass Range, south of the Sonoma Range quadrangle, Triassic 
rocks resembling those of the Star Peak Group have been studied by 
MacMillan (1972) and Willden and Speed (1974). 

A major obstacle to an understanding of the Star Peak: Group has been 
the massive bodies of saccharoidal dolomite, locally forming much of the 
lower part of the section, which have been misinterpreted as primary 
stratigraphic units. The secondary and nonstratigraphic character of these 
dolomite,bodies has been demonstrated by Nichols (1974) who found that 
thisy relate spatially to an overlying unit, the Panther Canyon Member 
of the Augusta Mountain Forrnation (Fig. 2). The Panther Caiiyon is a 
fine-grained, laminated, stromatolitic dolomite which evidently formed in 
a sabkha-flat environiiienl. This distinctive unit appears in all exposures 
of the Star Peak Group, except those in.parts of the Humboldt and Stillwater 
Ranges, and is coextensive with the underlying secondarily dolomitized 
rocks. 
. Hydrothermal alteration of the carbonate rocks of the Star Peak Group, 
especially in the more northwestern outcrops, seriously hampers petrogra-. 
phic interpretation of depositional and diagenetic fabrics. Such alteration 
is not surprising, because these exposures occur along the eastern edge 
of the batholithic region in northwestern Nevada, interpreted by Smith 
and others (1971)as connecting the Sierra Nevada and Idaho Batholiths. 

T) 

Most of the cart 
some degree of hy< 
terminology used in 
of Folk's (1959, 1< 
rocks. Colors are nc 
and others, 1948). T 
Ingram (1954) and 
by relatively thick b 
or structures. 

Stratigraphic thicl 
at scales of 1:24,0O 
region, we believe tl 
be attained from a f 

The,time scale us 
by Silberling and T 
of stage names and 
accepted convention 
is now drawn at a s 
example, Kozur, 19' 
form used by Silberl 



Depositional History 

-The depositional history of the Star Pea!k Group is complicated by coeval 
tectonic activity within the site of sedimentation. As the lithologic nature, 
of platform carbonate rocks, such as those of the Star Peak, is especially 
sensitive to relative changes in sea level, episodes of tectonism during 
Star Peak deposition resulted in striking facies changes different from those 
that would develop by continuous deposition in a generally subsiding marine 
basin. Although the geologic events recorded in the Star Peak rocks 
characterize only a relatively small area,.they provide information on the 
nature of the continental margin during a critical time of apparent change 
in tectonic style at this general latitude in western North America. Prior 
to deposition of the Star Peak Group, the tectonic record of much of 
Paleozoic and eaHiest Triassic time has been characterized as one of 
developing and collapsing marginal (or "inner arc") ocean basins (Burchfiel 
and Davis, 1972; Churkin. 1974; Silberling, 1973), whereas during or after 

•Star Peak timey the Sierra Nevada magmatic arc became established at 
the edge of an "Andean-type" continental margin (Schweickert andCowan, 
1975). The actual record of tectonic events during the middle part of Triassic 
time is meager even though some first-order structural events have been 
postulated for that lime, such as truncation of the continental margin 
(Burchfiel and Davis, 1972) and large-scale strike-slip rifting (Jones and 
others, 1972; Silver and Anderson, 1974). 

The depositional and. tectonic history of the oldest parts of the Star 
Peak Group have been obscured by subsequent iritra-Star Peak, uplift, 
erosion, and secondary dolomitization. During late Spathian time, open-
marine calcareous strata may have been deposited upon a fairly flat surface 
thrOughoutmiich of the western and southern part of the Star Peak outcrop 
area, as if the entire region were abruptly inundated by the sea. However, 
only remnants of such strata are preserved in the lower member of the 
Prida Formation and in the Tobin Formation. Stratigraphic evidence such 
as that in the Humboldt Range (Fig. 22) indicates that local relative uplift 
and erosion took place during early Anisian time, although the nature of 
the uplift—whether by faulting or folding—is not clear. Farther to the 
southeast, the coarse elastics in the Dixie Valley Formation were evidently 
shed southward from a highland within the Star Peak area, also documenting 
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relative uplift during the early Anisian. Too little of the record is preserved, 
however, to determine the shape and sizeof the area or areas that underwent 
relative uplift at that time. 
, Deposition of the basinal marine calcareous deposits of the Fossil Hill 

Member of either the Prida or Favret Formations began during middle 
Anisian time in subsided parts of the Star Peak area, and by late Anisian 
time Fossil Hill rocks blanketed the entire region. These deposits overlapped 
the previously uplifted areais as if the entire region had again undergone 
relative subsidence. The known and inferred distribution of the Fossil Hill 
is shown in Figure 31; platform or nearshore carbonate equivalents of 
these basinal rocks are unknown. 

Although the older parts of the Star Peak Group are mainly calcareous 
rocks, the first record of carbonate-platform construction is found in rocks 
of early Ladinian age. Figures 3IB through 31F diagrammatically show 
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the further development of this platform to the end of Star Peak deposition 
in late Karnian time. 
. In the western Star Peak region, open-marine Anisian strata of the Fossil 
Hill Member grade upward into dark, laminated, cherty limestone of the 
upper member df the Prida Formation. This progression represents a 
continuation of basinal deposition during Ladinian time Concomitant with 
uplift and erosion farther east in the central part of the present Star Peak 
outcj-op area (Figs. 31B, 31C). Existence of a slope environment between 
the, basin and platform is shown by sedimentary breccia and soft-sediment 
deformation within the upper Prida section. South and east of the uplifted 
area, subsidence and peritidal deposition of the carbonate and clastic rocks 
of, the Home Station Member of the Augusta Mountain Formation took 
place. A topographic break must have separated the upper Prida basinal 
deposits from those of the Home Station, but its nature is obscured by 
erosion of the uplifted area and associated secondary dolomitization, as 
indicated by the liberal use of question marks on. the reconstructed 
paleogeOgrpahy shown in Figure 31C! Little actual record is. preserved 
of the lower, or middle Ladinian platform margin whosd' position evidently 
was tectonically controlled because it coincides with the western edge 
of the uplifted area. Although erosion during Star Peak time exposed pre-Star 
Peak rocks on the uplifted platform, coarse-grained terrigenous clastic 

. material was not shed westward into the basinal upper Prida deposits. 
Siliceous sand, grit, and pebbles are sporadically scattered through the 
correlative Home Station Member carbonate rocks and may have [ been 
derived from the platform which therefore may have been an eastwardly 
tilted block. This geometry is also suggested by progressivelydeeper erosion 
of Fossil Hill strata beneath the Ladinian unconformity in a westerly, and 
northwesterly direction at China Mountain and inthe southern Tobin Range, 
respectively. However, the nature of the uplift, whether by! faulting or 
folding, is unknown. 

By late Ladinian time the uplifted area was beveled by erosion, and 
the entire eastern and central Star Peak regions beca.me a vast supratidal 
fiat upon which the Panther Canyon Member of ihe Augusta Mountain 
Formation accumulated under evaporitic conditions. First the algal-laminate 
"primary" dolomite of the Panther Canyon formed, and then, more locally, 
the Panther Canyon clastic sediments spread over part of the carbonate 
platform from the northeast. Regionally extensive secondary dolomitization 
of older Star Peak limestone took place just prior to or during Panther 
Canyon deposition (Nichols, 1972, 1974). Supratidal conditions alternated 
with more open-platform intertidal or lagoonal environments along the west 
and southwest side Of the platform. This was. manifiest by ihtertongues 
in the Panther Canyon of coarse-grained secondary dolomite in the northern 
East Range and in the Stillwater Range. The position of the platform margin 
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68 NICHOLS AND SILBERLING 

is fairly well located geographically for this time (Fig. 31D), and actual 
platform margin deposits crop out in the southern Humboldt Range. In 
the northern part of the Star Peak area, the narrowness of the belt in 
which the more outer-platform deposits of this age occur may result in 
part from telescoping of facies by low-angle post-Triassic faults such as 
those of the Clear Creek system of thrust faults (Silberling, 1975) which 
have displacements of as much as a few tens of kilometres. 

Further subsidence during the early Karnian allowed the.platform lime
stone of the Smelser Pass Member of the Augusta Mountain Formation 
to thickly blanket the region.. At the same time the platform'margin, 
represented by the Congress Canyon Formalion, buill regressively westward 
out overihe. persistent basinal deposits of the upper member of the Prida 
Fbrmalion (Fig. .31E). A paleogeographic complication during this lime 
is the prevalence of mafic volcanic rocks in the Smelser Pass Member 
in the southern Humboldt and Stillwater Ranges. In that part of the region 
the Star Peak platform may have been supported by a local volcanic center 
(Silberling and'Wallace, 1969, p. 30). Unfortunately, no exposures of Star 
Peak rocks exist farther west or south, so the paleogeographic setting 
of these volcanic rocks cannot be fully, kno.wn. The margin of the platform 
presumably swung around this volcanic center to the west and south, because 
basinal deposits correlative with the Smelser Pass occur in the New Pass 
Range, south of the principaKStar Peak outcrop region. 

During the middle part of Karnian time, a break in deposition, accompanied 
by erosion, channeling, and development of solution caves (Nichols, 1972) 
within the Smelser Pass, took' place at least in the northeastern part of 
the Star Peak outcrop area. This was followed be deposition of, coarse 
conglomerate and,other clastic rocks that form the lower part of the Cane 
Spring Formation. To the west and south these clastic rocks tongue out, 
but the base of the Cane Spring, could nevertheless rest disconformably 
on the Smelser Pass. Following this brief but widespread tectonic interruption 
of the carbonate depositional pattern, upper Karnian platform carbonate 
strata of the Ca!ne Spririg Formation blanketed not only the older platform 
but also extended westward bey.ong the limits of present-day Star Peak 
exposures (Fig. 31F). This westward shift of the platform margin in late 
Karnian time may halve extended at least as far as the northwestern 
Sierra-eastern Klamath belt, where the only significant amount of carboiiate 
rock in the primarily volcanic and clastic Triassic section is the Hosselkus 
Limestone of late Karnian age. If this shift occurred, the carbonate platform 
during Cane Spring deposition would have extended at least 100 km beyond 
the present northwesternmost Star Peak exposures. This distance is based 
on restoration of the northwestern Sierra-Klamath belt to its possible 
pre-Tertiary position with respect to northwestern Nevada, following 
Hamilton (1969, Fig. 4). 
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Paleotectonic Interpretation 

The mid-Karnian interruption in Star Peak deposition was the result 
of a more; widespread tectonic disturbance that affected areas far beyond 
the Star Peak region. Pronounced uplift and erosion to the north and northeast 

-of the Star Peak region during this time is indicated by the increase, in 
these directions, in thickness and clast size of the basal conglomerate 
unit of the Cane Spring Formation. Although the stratigraphy of the Star 
Peak Group does not further reflect the nature of this tectonic event, 
it does record an episode of significant regional relative uplift. 

Earlier tectonic events during Middle Triassic time were localized within 
the Star Peak outcrop area and produced stratigraphic patterns from which 

. additional tectonic inferences can be drawn. Relative uplift during the 
Ladinian! in the central part of the region is especially well documented 
by the Star Peak stratigraphic record. However, the boundaries of the. 
uplifted area are not adequately displayed, so its is uncertain whether 
the mechanism was faulting or folding. During late Anisian time, prior 
to local uplift, relatively deep-vyater, open-marine strata of the Fossil Hill 
rock unit were laid down across the entire region. Then, following relative 
uplift, the locally emergent area was eroded while deposition continued 
to the east, south, and west of it. The.basinal upper member of the Prida 
Formation was deposited to the west and southwest, and the peritidal 
Home Station Member of the Augusta Mountain Formation was deposited 
to the east and southeast..In late Ladinian time, the widespread evaporitic 

•dolomite of the Panther Canyon Member accumulated across the uplifted 
and beveled area. 

The earlier Middle Triassic episode of local uplift that took place during 
early Anisian time, although not so well defined, seems to haye had the, 
same general pattern as the subsequent Ladinian uplift and to have been 
on the same regional scale. Initially, during latest early Triassic time, 
ammonite-bearing limestone may have been laid down over a wide area, 
part or parts of which were then uplifted and eroded, only to be blanketed 
again by open-marine upper Anisian deposits of the Fossil Hill. 

This pattern of local relative uplift accompanied elsewhere within the 
.-..Star Peak region by uninterrupted deposition can be interpreted two ways. 

The uplifted blocks may have undergone successive episodes of uplift 
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and subsidence, and erosion of ihem would have taken jDlace when they 
emerged above sea level, which remained constant. Alternatively, blocks 
of various sizes may have undergone episodes of differential subsidence 
during a time of continually lowering sea lev^l so that down-dropping blocks 
that Jagged behind would have had their tops eroded when falling sea 
level caught up with them. Because uplift and erosion seem to have occurred 
twice during Middle Triassic time, we prefer the secisnd alternative. The 
amount of drop in sea level required by this explanation would seem to 
be too great tbbe eustatic. Therefore,: we suggest.that during Middle Triassic! 
time the entire region was broadly upwarped resulting iri crustal extension 
accompanied by the episodic tensional subsidence of local areas of varying 
size and shape. This paleotectonic interpretation, at least for earlier Star 
Peak deposition, accords well wiih that envisaged fOr the still older Koipato 
Group which in the southern Tobin Range was found by Burke (1970a,' 
1973) to have been deposited concurrently with block faulting. 

Putting these inferences in larger perspective, the Sonoma orogeny, which 
resulted in thrust emplacement of the upper Paleozoic oceanic rocks of 
the Golconda allochthon during latest Permian or Early Triassic time, was 
followed during the Triassic by regionalcrustal extension.and local differen-; 
tial subsidence during deposition of the dominantly volcanic Koipato Group-
and carbonate rocksof the Star Peak Group.'The abrupt change during 
mid-Late Triassic time from Star Peak carbonate platform sedimentation 
to that of the rapidly deposited, terrigenous clastic, pelitic and sandy strata 
of the overiying Auld Lang Syne Group may relate to another fundamental 
change iri tectonic regime,, such as the beginning of the Sierra Nevada 
magmatic arc. • 

'Speed (1977) has recently suggested that the western and southern limits of lower Mesozoic 
deposition in northwestern Nevada coincide approximately with those of a vast volcanic 
arc assemblage which everywhere underlies the lower Mesozoic rocks but rarely crops out. 
This arc-related assemblage is envisaged as having rfioved relatively westward toward the 
continent during the Sonoma orogeny, squeezing out the Golconda allochthon before it. 
Thermal contraction of this arc is then called upon to produce subsidence-of the lower 
Mesozoic basin. The Star Peak outcrop area constitutes only a small, peripheral part of 
this basin and may not reflect the principal deep-sealed tectonic controls on deposition. 
Nevertheless, patterns of sedimeniation within the Slur Pchk Group, aî  described above, 
require at least local uplift. They cannot be explained by subsidence alone. ' 
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